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AsSTBACT

Thls study was based. on the record analysis of 314

observations of farms 1n the Neepawa-Mir¡r¿ed.osa-Haniota-Mlniota

area of tüestern Ma¡rltoba. These 31tr farms were stratified

lnto three categories: (1) sna]l, med.ir.u a¡rd large farms

of eapital less than $6OrOOOr $6O'000 to $SO'OOO and more

than $8O'OOO. Each size contalns , 98, 168 a¡d tr$ farns

respectively; (2) crop and, nixed farns wÍth crop productlon

80 percent or more and crop production less than 8O percento

Flfty-nlne and 255 farns ïfere included. in each type of

farming; (3) farms of Lg6L, t962, L963 and 1961+ wj-þh 79t 77,

8t and T7 farms falling ln each of the years respectively.

It was the general objectlve of the present study to

deternlne the productÍ.vlty of resourees on these 31Lr farns

and to identify problens of resource allocatlon, to make a

eomparison of the productivity of resources on crop and'

mlxed farms, and to evaluate the shifts of farm production

during the period fron J]6l to 1961+.

the Cobb-Douglas fgnctlons with general forms as shown

below, r¡rere fitted to the sets of farm d.ata stratified.
(1) Coþb-Douglas functions lnvolving eight lndepend,ent

variables
bI b2y = axl x.2

(2) Cobb-Douglas

varLables

63 bt+ b, b6 b7 b8xJ xt+ *5 x6 *Z xg

fr:nctions involving five ind.epenclent

b7 b8*7 xgbl b2 b9y = axl x.2 *g



where

y : ,Output (in dollars)

*l : ,Land (in dollars)

*Z : Labor (in hours)

*3 : BuiLding Services (in dollars)

*¿, : Machinery and Equipment Services (in dollars)

NE : 'Cash Operating Expenses (in dollars)
)

*6 : Livestock InvestnenÈ (in dollars)

*T : 'ÞlanagemenÈ (index)

*g : ,Weather (index)

*g ; 0apital (in dollars) 
= 

*j + x& + * j* *6

It appeared frop the analysis that a surplus of labor and

a shortage of cápital night generally exist,Ín the studled

area. The efficíency of capLtal might be inproved annually

from 1961 te 196Ii due to sueb influences of ureather eonditLons,

changes in quality of resources ínclr¿ding nanagement and

the inpact of general economic eonditions.

iil
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SHAPTER I

T}TTRODUCTIO$I

Great changes in Canadla¡r agricultr¡re have oecuned,

slnce LgL+O, fron the standpoint of lts relative inportanee

in the general econoay as well as Ln lts structr¡re.

The relatfve Lnportance of agriculture has d.eclÍned.,

although 1t has not d.eellned in absolute terms. fn the period

l93l-39, the a¡nual gross paoduct (eue¡ averaged l+88 nilllon
dollars. By 11962, the total GÐP had reached 35rg3]- nill1on
dollars. The value of agrieultural produets then was four
tlnes greater than that fn 1931-39; however, it aecor¡nted

for only j.J pereent of the total GDP. lhe anr¡ual rate of
growth 1n agrleulture in the period L93r-39 has been uueh

less than that in other Índustries, averagfng about I pereent,

as eompared. rrrlth a rate of growth of 4.1+ percent in goods

producl.ng lndustrfes--the snallest rate of growth among the

fndustries other than agrfeultr¡rej--and l+.! pereent in the

servfee industries, l+.7 percent in the eonnercial lndustrles
a¡rd of I percent in the eleetric power and gas ut1lltles
lndustr1es.1

The structural changes ln agriculture have been tremen-

d,ous over the last two d,ecad.es and, these eha¡rges are taklng
plaee eontinuously. Aceordlng to the ileeenr¡lal eensr¡s

reports, the nunber of farms in 0ar¡ada dropped fron ?231858

to 6Z31091 durfng the decade ending LgrL. Thls flgure was

1
Ca¡rada Yeaf- Book, L96r.

Statisttes), po q+0.
(0ttawa, Doni.nion &reau of
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down further to 48O r9O3 Ay LJ6L. In Manltoba, the nr¡mber

of farns for the eorrespondlng perlods dropped from ,8rOZ)
to 52¡383 and then to 431306. the nr¡nerfcal acreage of farn
]-and for Canada as a whole remafned, quite stable from 191+1

to L96L while the total eapital lnvestment doubled between

19I+1 and 1911r æd was almost tripled by Ig6L. In Manitoba,

average farm size in terms of acreage alnost doubled between

191+1 anct 1961 and the average eapital investment per fa¡n
was almost five tlmes greater tha¡r it was twenty years âgor

.Among varlous forms of capltal, maclri.nery and equlpnent

increased nost ilramatically; the fnvestment per farn has

increased over forrr tlnes since 19Is1 and the cash expend.ltures

per farn have rLsen over three times.2

In view of these faets, 1t is evÍdent that eapltal in
sueh forns as naehinery and equipment, conmerefal ferülizer,
eoncentrates, su,pplenents etc., has been the factor of
grovlng lnportanee in farm operatlons. Farmersr d,ecislons

wfth respect to an optlnun allocatlon of resources lnvolve
the adoption of new technology" IhBs addltional eapLtal

has become requfred under a situatLon where the clenand for
agrlcultural prod,ucts has been relatively shrlnking.

Because of such lnereased eapital need,s and the increased.

proportíon of those that have to be purehased. off-farn,
farmers must now allocate thelr scaree resources even more

earefully anong conpetlng enterprlses ln thelr attenpts to

2
Year Book of Manitoba Agrlcrrlture , 1964. (Wlnnipeg,

Manftoba Departnent of Agrfeulture and. eonservation).
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maxlnfze proflts. fn a rapidly changing eeono¡ny, farmers

are therefore contfnuously forced, to adjust thelr use of

resources.

tlestern Manitoba, particularly the Neepaura-Minned.osa-

Eaniota-Mlniota area, ls one of the nost inportant farn

areas in Manitoba. fhis stud.y attenpts to lnvestigate

expllcitly the problens faeed by farners of thls area by

the applleatj.on of the princlples of production economLcs

and with the aid of regressl,on analysis.

Obì ectives o Hvootheses and. .å.ssr¡mptlons

0bi ectives

The general obJeetive

deternine the productlvlty
Mlrrnedosa-HanLota-Mlnlota a"rea. More speelfleally,
(1) to estinate the narglnal value produetÍvtty of the

followfng resourees; land., labor, capltal and, nalragement.

(2) to na.ke a eomparison of the produetlvÍty of resourees

on crop and nfxed farms.

(3) to neasure the change in resource strueture of the

farns over the stud.ied perl.od..

(tþ) to evaluate the changes 1n the on-farm organlzation

during the periocl 1961-61+.

$) to provide infornation whÍch nay be useful to farmers

lnvolved. in cleelsion nakÍng wlth respect to an optinal
alloeatisn of farm resources.

of

of

the present sürdy 1s to

farn resources in the Neepawa-



tl

Hvpotheses and, Assumotl-ons

fn aehlevlng the objectlves, the folloning hypotheses

are to be tested:
(1) lhere exlsts a surplus of farm labor. Dtring the past

tvo d,ecad.es from 191+1 to 1961 Canadian agricultural
labor force has decllned about l+5 percent whlle Manitobars

agrieultural labor foree has declfned by 36 pereent.3

These enplrieal results sbou that the ilecllning as,or¡nt

of labor force ln farn operatlon lras evidently true 1n

Canad.a as a whole as luell as in Manltoba, d.ue to the

ad.vances of technology. However, the adjustnent of a

surplus of farm labor foree eould be lagging beeause of
a slow response to ehanges ln technology. the tradltional
and. conservatlve attttudes of farners, tbe durable

nature of farm assets a¡rd the uncertaÍntfes and. expenses

involved 1n off-farm nigration could be sone of the

reasons.

ff these suggested, reassns hold true, then the

surplu,s of farn labor eould be a general phenomenon

and it nlght be reflected ln low produetivlty of farn
labor 1n the studfed. â"f,eâr

(2) fhere exists a shortage of capftal. The adoption of
new technologlr the neehanization of farm operation and,

the appllcatlon of ehenieal fertllizer and. lnseetÍcides

regulre a substantlal a.nount of addltional eapltal.

3
Iþ,1ê. r P. 69.
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However, certain lnstltutlsnal. regulatlons lfmlt the

anount of eapital available to agrieultürêo Sorne of

these are:

(a) In addltlon to the prlce uncertainty, farmers are

also confronted wlth yteld fluctuatlons resulting
from weather, d.iseases, ar,rd. pests.

(b) lhere ls a very elose relationship between the

household and the fE-rn whlch makes lt dlffleult to

ldenttfy the effeets of loans on produetion and

eonsumption deeLsions.

(3) Management ls a signlflea¡rt factor of prod.uctJ.on.

rManagenrent fs that part of hrr¡nan end.eavor
whlch guides the actÍvltles of lnillvlduals and
organizatlons. I Lt

It, eonsists of two distfnct activities¡ co-ordlnatlon

and. supervisLon. Co-ordinatlon is tbe nain element of

nanagement when d.ecisions have to be taken in an attenpt

to fu1f1l1 goals rrnd,er the situatlon of .uncertainty.

After the plan of production has been completed., the

nanagerlal rsork Ís reduced to the work of supervisÍono

The gain or loss of an activlty involving uncertainty

1s closely relatecl to the abillty of the manager to

make a right predietS.on.

Managerial abilfty affeets the productivity of

other rêsourcês¡ Ïhe lower managerial ability is, the

¿S

- Vincent, ït. H. , Econots;î.cs a¡¡d Ma¡raeene,n! in Agriculture,
(frrglewood Clfffs, N. J.i Prentiee-Hall , 1962) r Þp. 10-12.
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lower the productivity of other resources w111 be, The

evaluatlon of the effects of managerlal abllity on

capital night be of partlcular significance wlth regard,

to farm cred.it policy.
(t+) Weather explalns a slgnlfieant part of variatlons in

farm income.

tüeather eonditions in growing and harvesting

seasons of crops had been generally regarded, as one of
the nost lnportant contingeneles which cause erop

yielilst fluctuation from year to yearr âs well as from

place to plaee.

fn l4anitoba, the value of crop produetion inereased,

from 2L+3 mlllÍon dollars in L9æ to 285 nillion dollars
ln 196tr. Aeeord,ing to a survey ëonducted by the Manitoba

Agrlcultural Departnentrl tfr" naJor reason of hlgher

farn incoues in 1961+ ühar¡ tn 1963 was d.ue to the more

favorable weather prevailing in T9.61+¡, ' , .. . . ã

Cr> there are lncreasing returns to scaleo Thfs hypothesis

1s elosely allled to the seeond hypothesis. Because of
capltal rationing, the entrepreneur uay not be able to
expand all farn resources in the same proportion.

fn srd,er to test the foregoing hypotheses, two assu¡np-

tlons are mad.e for the purposes of this stud,y. They are that

,
Year Book of Manitoba Agrleulture , L964. ($lirurlpeg.

Ma¡ritoba Ðepartaent of Agriculture and, Conservation), þ.-3.



(1) Farnners in the stud.led area aim at profit maximizatlon.

(Z'l There 1s perfect conpetitfon 1n agricultural industry,

that 1s, it rtis one made up excluslvely of numerous

competitors who can sell all they wish at the golng

market prlce, but who are unable 1n any appreeiable

d,egree to ralse or depress that market price.n6

Order of Presentation

This stucly conslsts of flve ehapters. The introductory

chapter gives a brÍef discussfon of the problematic situa-

tlon, objectives, hypotheses and. assumptiotrs¡ The theoretlcal
background of this study w111 be discussed. ln Chapter II.
Chapter fII deals wlth the method.ology enployed in the stud.y.

The evaluatlon of enpirical results and their interpretations
will be presented in Chapter IV. The last chapter provid,es

the conclusion and süürmar]¡r

6
Paul A. Samuelson, .Egglgglæ,o (iVew York, McGraw-H1lI

Company) , Fourth Etiitioá,858;l; l+!ti"



CHAPTM II

THEOREIIC^A.I BACKGROT'NÐ

The Firn

A flrn has been defi.ned as:
s...a teehnfcal unl.t ln whieh comnod,ltÍes are prod.uced..
Its entrepreneur (owner a¡rd, nanager) d,eeid,es hõw muchof and how one or more commodlties wtlI be produeed.,
and gains the profit or bears the J.oss whieh resulté
fron his decislon. .An entrepreneur transforns inputsinto outputs gubject to the teehnleal rules speclfled
by hls produetion functlon. rhe difference bêtween hls
revenue fron the sale of outputs and the cost of hls
*åååtï"å:"Tr 

prorlr, ir positlver or his loss, ir

Aeeord.lng to thls ctefinftion, a farm is equlvalent to a

firn fron the stand.point of an eeononoie unit alone. Ihe

relationship between the quantities of lnputs and outputs can

be nathenatieally expressed. by a productlsn fiuretion.

The O,las-slcal Erod.uction Function

The characteristles of the elassleal production fnnctlon
have been deseribed by the eeonomists in terms of laws of
return. One of these fs the Law of va¡iable Proporti.ons.

lhe nost eonpact statement of thls taw ls probably given by

John M. Cassels. Ife stated¡2
oÏf, without ehange in the methods of productionr

suceessive physieal unlts of one faetor of production-

1
Hend,erson, Janes M. and. Quandt, Rlehard

Theprv. (ltew Yórk: McGraw-Hill Book'Company,
E., Micrc
t958) ¡ p.

2
John M. Cassels, ttOn the Law of Variable Proportíonsrt,

Fgadines,ç+ thesþpory of Ineope Ðistrlbqtloq, Seläcted by '
the Counittee of the Anerlcan Economic Âssoitãtfon. (Honêwood,
Illlnols: Richard D. Irwln Inc. , LgSL) t p. 103.



were added to fixed physieal quantity of another
faetor (or eonstant óombinatlon of other factors),
the total physical output obtained r¡ou1d. vary ln
nagnitud.e through t}¡ree distinct phases;

(1) fn the first phaser it would. fncrease, for a tlne
at an i.ncreasing absolute rate and, then at a d,ecreasing
absolute rate, but aluays at a percentage rate greater
than the rate of lncrease of the variable factor, rrntll
the final- point Ín this phase was reaehed at whieh lts
rate of inerease was exaetly equal to the rate of inerese
of that faetor.
(2) In the second. phase, lt would continue to inerease,
but at a decreasing absolute rate and at a pelcentage
rate always les-s lhan that of the variable f,aetor, untlI
the final polnt of thfs phase nas reaehed where the
maxÍmun output was abtalned,.

(3) In tbe thlrd phaser lt would d,eerease, possibly
for a tine at lnereasing absolute rate but probably
through most of this phase at a d.ecreaslng rate, untll
the ffnal point was reached. at whlch the procluet was
reduced to- zero.n

The three phases d.eseribed by ',the traw are geonetrÍ.caIly

illustrated fn Figure 2.L. The quantity of factor A is taken

as constant whlle lncreases of factor B are neasured, along

the X-axis and units of output are neasured along the Y-

axis. The curves of total output, marginal output and

average output represent the effects of lncreasing the appll-
cations of the varlable factor to tbe fixed. faetoro "â,11

three eurves rlse from the orlgin. At the point M the

marginal curve reaehes lts naximum and, dlrectly above lt on

the total output curve Ís*raepoint of inflection, S. IIp to
this pof.nt the total-output curve rlses at a¡r inereaslng

rate and beyond. it the cr:rve rlses only at a deereasj.ng rate.
At the point D the average-output eurve reaches lts hfghest

pofnt and. Ís lnterseetedl by the narginal curve. At T the
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hlghest total output ls reached. and the nargÍnal eurve cuts

the X-axis at the corresponding level of variable inputs.
Beyond thls point the total product curve d,eereases continu-

ously until 1t neets the X-axÍs along wlth the average-output

curve at E. A vertical lfne ttrrough D narks the beginnlng

of the seeond phase and the end. of the flrst in the operation

of the f,aw. The vertieal line through T indlcates the end

of the second. phase ar¡d, the begirurfng of the thtrd. phase.

fn the fi.rst phase, the proportlon of the flxed faetor
to the variable faetor ls 1n such excess that 1t has the

effect of suppressfng output whlle ln the third phase, the

proportion of the variable faetor 1n relatlon to the fixed
faetor 1s sg great that retwns are adversely affected.. fhe

two phases, I a¡rd Ïff , are generally,assu¡aed. by eeononlsts

to be technieally inefflclent. The only econonieally relevant
phase ln the operation of the Eaw is the seeond. The

economlcally relevant question to be asked, here fs--how nuch

of varlable factors should be u.sed. in this seeond stage, in
ord,er to naximfåe proflts of the firm? To answer this
question, the ehoiee lndlcator ln forn of various price

ratfos should be lntrod.ueed., and the equlllbrlrrm eonditlons

should be examÍned.o

Ihe Eouilr brir¡n o1 the Firp
Assrrme a conpetltive fi.rn whose ultlnate end fs profit

maximLzatlon. It produces rml eomod.ltÍes by eonsurning rnl

inputs. let y, d.enote the quantity prod.uced of the 1th

eonmodfty, x¡ the quantlty eonsr:ned. of the jth lnputl and
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the technical fnfornatlon of production is srrmmarized by

the produeti.on function¡

F(ir1.. '...Yr; x1o r....xrr) = Q (1)

hlhere equation (1) is assuned. to possess contlnuous

ffrst- and, seeond,-ord,er partial deri.vatives hrhich are

different from zeîo,for all lts solutions.

The entrepreneur d.eslres to earn as high as possible

profits subjeet to the teehnical rules glven by his prod.uctÍon

functlon. This purpose can be achleved. by the appllcatlon
of Éagrang€Is Method. The proflt functÍon with the

restri.ctlon of his produetion functÍon is shown in equatlon

(2) ¡

mn
n = E PtJ¡t - E qi*i - kF(ts1'o""Ym:i x1re""xrr) (2)

:-i ¡-ìJ--¿ J:-¿

Where .._q, _,p,." are total revenue and. total
, Þ1T1r ¡ qj*J

iJi j=l
eost of the firm respeetlvely. rkt is the .Lag,range Multl-
plier. the profit of the firn will be maximlzed. 1f the set

of first partfal derivatives of equation Q) equals zeîo

and. 1f 1t satisfies the second. ord.er condition of maximiza-

tion problem. Ihe set of first partial derfvatlves ls
shown in the following equatLons:

ön =pi-kF¡=e (3)n-- Pi-H1=0
i'1

òn =g.i-kFr=Q (l+)-ã";7 a¡-kFi=Q
-J



ôk

Where F,

P1e¡k

By sinple operatfon, equat,ion

which defirre the first order

the fir"n;
qj

F(yI......y![; xI......xo) - O

ôp
= FE , is the parüial derÍvative

L3

$T

of productlon

(6t

followÍng results
equilibrir¡m of

(A)

(B)

(c)

6iR

function with respecË to product yr. t¡= #; , is the

partial derivative of productÍon function with respect to x..
The Ínforzration inplicit in equations (3), (t+) and (5)

ean be summarized as follows:
ôF ôF

(6) leads

eonditions

to

of

D.

6fi
o*j

qjr _ oxjz
ôx.-

JI
ôyi2

o Ðil

qjz

Pit

-+IPia

These three condltions could be stated in llicksian
terminol ogyS as follows:

(A) "Thg prÍce-ratio between any factor and any
product must equal the narginal rate of träns-
formation between the factõr and the product. n

(B) trThe priee-ratio between any two factors ¡nust

3¿. R. Hicks, Value and Capital.
Press ), Second Edirññ;196t.-F:-86;

(Oxford: Olarendon
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equal their nargÍ.nal rate of substj.tution. tl

(@) ttThe_price-ratlo between any two prod.ucts must
equal the marginal rate of substltution between
the two prod.uctsott

The seeond.-ord.er conditlons for the maximization of
profit require that the conilitions of Hessian Deterninant

must hold.. This has been d,emonstrated by Henderson and,

Quandt.+ Actually, 1t could. be a nathematical expresslon of
the stabillty eondltlons as stated by Hicks.S The three
stabÍlfty conditlons as stated, by Hieks are:

(A) rtFor the transfornation of a factor lnto a
prod.uet we shall have the cond.ltfon of d.ininishlng
marginal rate of transfornatLon or dlminlshing
narginal prod.uet.ll

(B) ttFor the substitution of one factor for a¡other,
we shall have the cond.ition of dinÍnishfne
margi.nal rate of substitutj.on. rt

(@) nFor the substitutLon of one produet for anotherr
!¡e shall have a condition of increasing margfnal'
rate of substftutlon.rt

These cond.ltions imply the ratfonal phase of prod.uction.

Geometrieally¡ the equllibrium position of prod,uctfon could

only be found 1n the portion of¡ input-output tra¡rsfornation
curve which ls eonvex upward, from the horizontal axls, the

fso-quant curve whleh 1s convex to the origin and the pro-

duction possibillty eurve which is eoncàve to the origj.n.6

Henderson, Janes M., and Quandt, Rj.chard 8., Mlcro-
ecqgo-mic Theorv. (New Yoúk: McGraw-Hítl eoot compaãÇÏ958) tpr 2*.

5
-Hicks, J. R., Talue and Capital. (Oxford.: Clarendon

Press), Seeond Edltion, J961. pr 87.
6

eco
o

g
1po
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All the naxlmfzation cond.itlons could be srrnmarized.

into three types of factor-product relatlonships. They are:

(1) factor-prod.uet relattonshlp t '12) faetor-faetor relation-

ship and, (3) produet-product relationshÍp.

Factor- Produet RelatlonshiJq

Assune a competltÍve firn produeing tmr connodities by

enploying tnr factors. The general productlon fr¡nctlon 1s

gi.ven as:

f (fu. r....Tni x1o o. ...5) (1)

lhe productlon fi¡netlon of a speelfic product ¡r1 then nay be

r'¡:rltten explleltly as:

11 = G(I2'or"oït; x1ro"''{,,) Q),
The output of product 11 depends on the quantity of input of

the variable servLees x1......1rr âs well as the outputs of

lts iolnt produets y2.....ryre Assrr.ning all the produetive

servfce but s1r a¡d all the proilucts other than If1 are fixed

at a eertal.n leveI, the produetion function (7, gives the

Ínput-output relatfonship of yI to x1. Ffg¡rre 2.2 shows this

relationshLp. The transfornation curve AC is d,rawn eonve¡

upward lndieating dininlshlng marglnal prod.uet--the rational

stage of produetlon. Z7.r 1s the price liRe. It shows the

ratio of prLee of variable servlce x1 to the priee of product
þr

11, that ts --3- . Accorcllng to the flrst eondLtion of
91

equlllbrirrnr the prlee ratio between any faetor and any

proctuct nust equal the narginal rate of transformatlon

between the faetor and. the product. This condition 1s
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ldentifled by the tangency of prlce

curve at point B as shown fn Flgure

L7

llne to the transfornation

2.2. lhe co-ordinates

of B are xf, yf, whleh speelfy the optiun¡m level of varfable

servlee xl and optinum a.mount of produ"¿ Ir1 respectively.

Fac tor-FaetqJL Relationshlp

The producüion fu¡rctlon of a firn shich produces one

product Tt by using two varÍable productive servlces x1 and

x.Z nay be w:rltten as:

11 = H(x1r xz) (8)

The fso-quant fr¡nctlon can be derived from equatJ.on (8)

and nay be written in the followlng equation:

xz = I(xrlr!) (9)

Equatlon (9) shows that a glven amount of outBut yi can be

produeed fron al.l conbinations of two lnputs x1 and. x2. This

iso-quant er:rve,40, is sholrn in Ffgure 2.J. AC has a down-

ward slope and is drauzr convex to the origin lndlcatlng that
the produetfon is 1n the ratlonal stage. The rate of
substltutlon between factors xl and x2 1s dinlnfshlng. ZZr

is iso-eost llne deflneO as 0o = p1xl + p2x2. Its slope is
the negative prfee ratlo of factor xl to x2, that 1s" -

Þr-*. Accordlng to the second, prfce condltion of equillbri.r:n,
þZ

the price ratio between any two factors nust inversely equal

thelr marglnal rate of substltution. This condftlon holds

as long as the iso-cost llne 1s tangent to the iso-quant

curve. fn Figure 2"3, the lso-cost ll.ne ZZt 1s tangent to

the iso-quant curve AC at point B where lt shows the opttnun
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quantltles of x1 and x2 should. be enployed in order to

produee that given amount of output yL.

Product-Product RelatLqnshitl

For a firn which prod.uces two connod.lties wlth a given

set of produetive resources tBt, the production firnction nay

be wrltten as:

¡(Yrr I2r R) = Q (ro)

If the firn allocates a glven anount of resources to

proiluce both productsr Í1 and y2r the relatÍonshlp of these

two products derived from equatfon (fO) could' be id'entiflecl

by the followlng funetion:

y2 = K(r1lR) (11)

Equatton (11) 1s a productlon possibllity funetion

representing all conbinatlons of yl and y2 whieh could be

derived from a glven a.mount of faetor inputs. fhís fu¡ctlon

is represented' by eurve AC in Figure 2'4' The prod'uctlon

possibility curve AC is drawn concave to the origin a¡rd is

negatf.ve ln slope indieatlng that the technieal rates sf

substitutÍon between ¡r1 and Y2 are fncreasLng and their

procluctlon j.s conpetftive ln nature. ZZt i-s an lso-revenue

lfne deflned as: ro = efl + Q2Y2. The slope of l1ne ZZI

ls negatlve a¡¡d is representèd by the negative prlee ratio
Qr

of product yI to produet y2; Í.ê. ' Ë'. 
lhe condition of

profit naxlmizatlon can be identÍfied by the tangency of

the fso-reveRue'line (,27;t') ar¡d the production possÍblIity

curve (AC) speclfies that the optlmun qua.ntltles of products
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I¡1 and ¡r2 should. be produeed, respectLvely, with a gi.ven

a¡rount of resourees, R.

The Returns to Scale

the discusslon so far dealt with has enphaslzed the
product'1on relationshÍ.ps and the equllibrir¡s of the firn in
the short TuÍl¡ However, in the long run, the firn is able

to adopt the I scaler of operatlons to produee any output in
the most possible efflcient way. scale reratlonship 1s

concerned wtth the produet-faetor relationshÍp when all
factors change sinultaneously. This eould be d.efined thus¡
given a¡r increase 1n all faetor lnputs by a certain percent-

âBêr 1f the output lncreases by sa&e percentage, consta¡¡t

returns to scale holds true. rf the output increases by a

snaller or greater pereentage, then increasing or d,ecreaslng

neturns to scare holds true. rn terms of erastlelty of
prod,uctlonr 1f the sr¡nnatlon of the elasttelty of each

lnd,ividual factor equals one, eonstant returns'to scale

exlsts. If 1t is greater or less than one, tnaneasrÌ,rrgeör::::i:l:

d.ecreasÍng returns to scale exlsts respectively.

The Cobb-Ðouelas Production ¡\lnction

In thts study regresslon analysis is eraployed in
estinating the production fimetions whi.eh represent the
production patterns of the stud.ied êTêâo The Oobb-Ðouglas

type of frmctLon fs assumed, to be applieable to the farn
data stud.ied.. rt 1s an exponentlal equatlon in natural
forn and llnear in J.ogarlttrn. rn natural form, the firnction
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Ís wrltten as follows:
b1 bo be b-

Y = axlr *;t *3to.....{r e

In logarlth!Êr 1t is wrÍtten as¡

logy = log ¿ + b1log lcl + b21og x2 + b31oe x3 *....
...* bnlog xn+log e

Whereln both of the equations y Ís the dependent variable

representing the quantity of output; xl, xZ, x3.... r.xr, âPê

fndependent variables neasuring the lnputs of factors of

production; I ar i.s a consta¡rt; bt t bZ, b3.. .. . .b, are the

elasticÊ,üÊêsi, of the dependent variable wlth respect to

their correspondlng independent varlables x1r xZ, 13......$i
and e ís the ranilon¡ residuals.

Some of the characterlstics of the Cobb-Ðouglas frrnctlon

are as follows:
(1) It assuses constant elasticlty of prod,uction over

all range of inPut.

(2) ft allows inereasing, constantr or decreasing

nargtnal productlvftY.

(3) It allows both complementarlty ar¡il substitutlon

between variables.
(t+) ft assumes consta¡rt rate of substltutlon between

variables for all yleld, 1f the sane proportlons

of resources are used.
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THE IÍETHODOTOGY

Ihe Source of Data

The agrfeultural area of thls study was located fn the

Neepawa-Mlnned.osa-HamÍota-MinÍota area of Western Manitoba.

the land was elassifled, as well-drained or internediate

drained Newdale Ilndulatlng Soil and has been recognized. as

the best crop land avaflable in Mar¡1toba. General farning

nay be d.escrlbed as nlxed-farning ln whfeh grafn crops and.

beef cattle are the nost conmon enterprisêsr

ùh" ¿"t" was colleeted from lltr anrrual farn record,sl

coverlng the years from ]-:96]- to 1964. These farms were

stratifled lnto snaIl, nediunr md large units on the basls

of their capital situation. those farms wLth total eapital
(owned ar,rd rented) less than $6OrOoO were deflned as smal1

r¡nits, those wfth eapital ranging fron $6O'OOO to $80'OOO

as ned.lun unitsr and those with more than $SO'OOO were

classiffed. as large farns. There are 98, 168 and tr8 farms

1n eaeh of the three groÌrps, respectively.
For the purpose of naking a conparison of erop and^

nlxed farmlng, tbe 31tr farns hrere again stratlfied fnto tr¡o

groups aceord,ing to their sourees of ineone. Those farms

with 80 pereent or more of theÍr gross incone derived fron

1
The reeords are kept by the members of the tüestern

Manitoba Farm Busfness .å.ssoclation, Department of Agricultural
Economics & Farn Managenentr llniversity of l-{anitoba"
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erops were taken as crop farnrs, those wlth less thar¡ 80

percent of their gross lncome fron crops were regard.ed as

mixed fa¡ms. Eaeh group has lg and, zJj farms, respectlvely.
For lnter-year eomparison, the annual farn business

was analyzed coverlng the years sf r96L, 1962, Lg63 and 196t¡.

Anong 31t+ inarvldual farns, 79 farm records were tor L96L;

77 for L96z; 81 ror 1963r üd 7? for L964.

Genera-l Aspects of the Studied Ârea

lhe lltlllzation of [a¡rd

lhe average farm sfze of the farms studied. in the area

was 7o9 acres of whieh lmproved. acres accou¡¡ted. for 6J per-
cent and the rernaind,er was uni.nproved. wheat, oats, barley,
flax and, rye or mixed grain were seed.ed, nearly one-half of
the area funproved. summer-fallow aRd, new breaking occupied

about 33 Bercent of the lnproved, ä,cf,eso

lhe average size of the small, med,lum and large farms

Ìtras 5O5t 688 anct L'ZOT aeres, respeetively. The pereentage

distrtbutLon of lnproved and. uninproved. acres in dlfferent
sLze of farms were qulte the sane. (TaþIe 3.1)

The average farm sLze of crop farning was 811 âcrêsr
rt was about 121+ acres larger tha¡r nixed farming. 0f total
acresr 68 percent was inproved on crop farn as compared to
6tr percent on nlxed farm. cereal erops and, sumer-fallow
constltuted a large portion in both types of farming.
Howeverr they aceounted, for a greater proportion fn erop

farn:ing than in nixed, farnÍng. (table 3.2¡
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Speclal Crops
Annual Feed Orops
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TABI,E 3.2

ÏJTTLTZATTON OF LANÐ ON SAMPI,E F.AAMS BY TYPE OF F.ARMTNG

Cereal Crons
Speclal Crðps
A,r¡nual Feed Crops
Tane Ïlag and
Grain Sllage

fmproved Pasùure
Sr¡nrner-fa1low and.
New Breaklng

lotal Improved Land

Total Unimproved Land
Total tand

* Value of Crop Eod-._ 
â80í6 or Morerr farms are those wfth 80Í6 of gross incone

{lo* gTqpsr while Va1ue of Crop Prod. nl,ess than ïo{ott are-farmË-wlth lessthan öQ'þ of gross lncome fron cropsr The latter have lLvestock as arelatlvery nore inportant enterprLse than the former.

307
11
1tt

29
I

203
,tu
25?
811

55.4
1.1+
1.8

1.2
1. t+

36,7
100. o
(68.3)
3L.7

100.0

22
Z
1

5t
t6

1l+1
\r+z

2\,
687

tL.3
1.1
o.2

L].5
3.6

32,o
100.o
(6t+.3¡
35.7

100.o
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There hras no significant dffference in land utlllzation
among years of L96I, L962, L963 and 1961+ except the general

tendency shor,rrs that aereages for eereal crops ln terms of

percentage were increasfng, whlle acreages for summer-fallow

a¡rd new breaklng were d.eclining' (table 3.3)

Resor:rce Structure a¡rd, Farm Business Oreeriization

As shown 1n Table 3.1+¡ the average polyperlodf-c invest-

ment of a farn Ln the studled area bfas nearly tr5 thousancl

d.olIars. Anong all forts of lnvestnent, J.and, 1n terns of

value, aeeounted for l+3 pereent, and was the nost tnportant

lnvestnent Ín the farm buslness. Investnent in farm

machfnery accounted, for 27 percent and. the renaining 30

percent of total investment was for farn buildlngs and'

livestock.
The monoperlodic capital on the sample farms averaged

51824 dollarsr of whlch over one-half was for machinery anct

equipnent servlces anct 39 pereent incurred. for cash operatlng

erpenses on cropr livestoek a¡rd niscellaneous services.

Hours of labor worked on a farn ln the studled area

was 2r8hr oII an a¡rnual average. fhe ratlos of labor-land

and eapltal-la¡rd show that four hours of directly produetlve

labor uork and. 8.2 dollars vrere investecl on an aere sf land

annuaIly. Furthernorer the capital-Iabor ratio indieates

that one hour of labor usually was assocÍated with S2.1

of eapital in farning operation.

On the overall average, 63.5 pereent of total farn



TABLE 3.3

IITTI¡IZ^AÏION OF LAI{D ON SAMPI,E F.ARMS BY YE.AR

Cereal Croos
Speclal Crõps
Annual Feed Crops
Tane Hrag: and
GraÍn Sllage

InBnoved Pasturc
Sirmmer-fal1ow and

New Breaklng
lotal InproVecl f,and

Total Unimproved,
fand

Tota1 [and

Average

22L
l+
Lr

trlf
19

49,1
.g
.g

9"8
3.8

35.L
100.o
(6t+.1)

Average

L57
++7

llo
697

236
o
3

t+tf

1l+

L,3
45o

12.+
.O
o7

9.8
3.1

3l+.o
100.o
(66.5¡

33.5
100.0

35.9
100.0

Average

Aeres

24,
3
3

tl8
13

J.57
469

279
7+8

227
677

52.3
.6
'6

10.2
2.8

33.5
100.0
(62.7¡

Average

264
,
,

50
13

37.3
100.o

55.o
1.O
1.O

1l+3
48o

22,
705

10.l+
2r7

29.9
100.o
(69.1)

31.9
100.o



Capttal Inputs($)
Polyperlodlc
Adj. Land Value
BIdg. Investnent
Mach. Investment
Lvstk. Investment
Total
l4onoperlodlc
Bldg. Servfees
Mach. Servlees
Crop ServÍces
Ï,vstk. Servfces
Mfsc. ServLces
Total

f,abor Inputs(Itrs. )
Capital* /T'abæ Ratlo
Laþor,/tand* Ratfo
Capltal*/Land* Ratlo
Value of Outputs
Value of Crop Prod.n
Value of f,vstk. Prod..
Total

TABLE 3.4

INPUTS OF RESOTJRCES .AND VAIUE
ON SATI{PTE FARMS BY

Small
Average

Pan F'crm of

L2 ,r84 47.4 19 ,588 )2.?
3.11o rL.? ,;486 Lz.oþifv 2).6 t?;íf+ zT,44,311 16.3 E,200 L7.g

26;524 loooo 45;828 loooo

349 9.6 Vfz 6o0
1,890 lz.t 2,963 37.4'485 13.1+ 3;075 38.8,95 16.1+ '996 L2.6

306 8,1 416 1.2
3 ,6Z1 1OO . O ? ,222 1OO. O2;130 2;890
r.7 2.74.2 4.2
7.2 LL.l

%
Totel

Meiliqq
Aver-age /'

Pen T'arm nf Totel

OF FAßM OUTPTTTS
srzE

* Capltal fnd.leates monoperlodic capital lnvestment. Land ln terms of aereage.

L¿rge
Average - f6

Pe¡ l'enm of Tof.el

f,:3t?
e;o57

32,568
8;3ez

23,036
].5,322
79 r3r8

5r,3w.7
100.0

Average
Average f¿

Pen I'ar.rn of Total

l+1.1
10.6
29.O
19.3

100.0

9'2
53.3
17,-6
L2.g

7.Q
100.o

942
5 1439
Lr7g7
1r319

7Lz
L9 r2O9
+rlOO
2.5
3.1+
9.5

L7,íOL
risgz

25 ¡393

g,76,
l,16l

]-5't26

19,3BO
5;tç7

12rO+9
8.o¡o

\4i626

505
3 roo9

95L
933
426

5,82\
2;8lto
2.L
l+. o
8.2

g,)69
5}+tu

L+ rg20

62,g
37.1

100.0

l+3.!
11.6
27.o
18.0

100.0

9.7
5t.7
16.3
16,O
7.3

100.o

68.g
31.1

100.0

63.5
36'.5

100.0
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íncoune was derived fro¡n erop enter¡rise anð. 36.5 pereenü was

from livestock produeüion.

There lrere an i.ncreasÍng anount of polyperiodic and

monoperiodic capitar being invested on small, medium and

rarge farns. trn all cases, rand, machinery and equÍ.paent

erere the ¡nost important forms of capÍtal". on the average,
l+.2, 17.2 and 3.Ir hours of labor, and $7.2, $1I.5 and $g.5 of
annual eapital Ìrere invested on an acre of land of small,
nediun and large farms respeetivery. These indicated that
labor was used intensively and Þand extensívery on smarl
fa¡us and that capftar was used intensivery on nedium and,

large farms.

Tabre 3.5 shows the inputs of resources and value of
farn outputs on sanple faruns by tSpe of farnÍng. There was

Ro signÍficant differenee in the anount of polyperiodic
capítal invested, on crop and ¡aixed. farns. Land. and machinery
investnients were the nost important investnenËs in both $ypes
of farming. Livestock investnenË on rrixed. farn aecounted for
2o percenË whereas it eonstituted onry p percent on erop farn.

îhere Ì¡as a much higher monoperiodie investment on mixed,

farns than on erop farns. Machinery, rivestoek and. ni.scel-
laneous services were the najor annuar capiÈar inputs for
the forner whereas maehinerya nd crop services constituted.
the largest portlon f or the h tter.

By comparlson of the labor-land. and eapitar-l¿nd, ratios
of two types of farms, iü was noted that boüh la bor hours and

annual eapital in forms of building, naachinery and equipment



Capltal Inputs($)
Polyperlodie
AdJ. Land Value
Bld.g. Investment
Maeh. Investnent
f,vstk. Investment
Total
Monoperlodlc
Bldg. ServLces
Mach. Services
Crop ServLces
f,vstk. Servlees
Mfsc. $ervices
total

[abor Inputs(Hrs.)
CapltaL/Labor Ratlo
Iuabot/Toartd Ratio
CapJ-tal./Land Ratto
Value of 0utputs
Value of Crop Prod,.
Va1ue of Lvstk. Prod..
Tota1

INPÏNS OF RESOURCES

TABtrE 3.5

VAf,UE OF FANM OTTTPTNS ON SAMPIE FARMS
TYPE OF FARMTNG

AND
BY

23 r)62
+.L77

L3;745

+\:;rrâ
\rrg

3,317
1;3qe

261
tl6õ

5 1878
2 rQzO

2o9
2.1
7"2

5L.6
9'2

30.2
9'O

100.0

7.6
,6.'
23,-6
4,'
7.8

100"o

L2.784
r,óo8

L+ 1392

t8'l+36
Sitgø

ïL,932
8:e+1

4aizor

5ta

',9t?Ã
1.O88

\tiïl
3 ro3o

f,:fr
13.9

88.8
IL.2

100.o

l+1o 2
L2.L
26.?
20.o

100.o

5.4
30.7g.g
aL.tl
l+3"6

100.0

8,702
6:340

t5io4z
57.-9
42.1

100.o
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servlces and. cash operating expenses lnvested. on per acre

of lanct uere lower on the erop farms than those on the

nlxed farns.

Table 3.6 shows tbe inButs of resources and. value of
farm outputs ln the yêars of 19611 ].:962, Lg63r arld 196l+.

Both polyperisdic and, nonoperiodie eapltal lnvestments were

fncreasing drrrfng this four-year perlod.. As that tabre shows,

whlle the labor-la¡rd ratlo nas d,eereaslng, the capital-Iand
ratlo nas lncreasing. lhis fact night indleate that in the

stud.Íed area, eapital, 1n forms of maehinery and. equipment,

chenlcal fertllizer, eoncentrates ete., has been 1n the
process of substituting for labor. Another particular
featrrre was that the (lncreaslng) pereentage of erop prod-

uetlon froa lo to 70 percent of the total value of produetion

during L96L - 6¡+ perlod,. This ind,ieates, on the average,

that crop enterprise has become relatively more inportant fn
the stuclled âreâr

The Method of .ègah¡sis

lhe Models

The cobb-Douglas funeti.ons rrere fltted to each of the
groÌrps of farn data and the total whieh eombines 311+ farns
sePresentlng the general or average produetlon sj.tr¡atfon over

the perlod of for¡r years frsm Lg6L to 196t+.

the lndependent variables in the prod.uetlon fr¡nction or
the faetor f.nputs of produetion are eategorized by grouplng

close complements or close substitutes together. The



Capttal Inputs($)
Polyperisdic
ActJ, tand Value
B1dg. Investment
Mach. Investment
Lvstk. Investùsnt
TotaL
Monoperlodlc
Bldg. Servlces
Maeh. Servlees
Crop Servlces
f,vstko Servfces
lvltsco Servlces
Tota].tT,abor Inputs(Hrs. )

Capltal/Labor Ratio
Trabor/îrand RatÍo
Capttatft-ønd nátlo
Value of Outputs
Value of Cröp Prod,.
Value fvstk. - Prod.
Total

TNPT]TS OF RESOT]RCES AND VAI.T]E OF FARM OINPUTS
ON SAMPT.,E F.ARMS BY ffiÁRS

Average

TABLE 3.6

18,130
4i5oz

10:78tr
,:e64

3e;380

4ge
3.O21'601
1r11Ir

397
, r3rz

'tlãol+" I
7.7

tr6.o
11.1+
27,+
L5"z

100.o

9"3
f3.t+
11.3
20.8
7.4

100.o

Average

19,O3o
+.972

LL:746

,-f,i13å

tr3.1

Là:à
19.o

100.0

9.7
,L,9
1\-.9
1l+. B
7-2

100.o

5 r98o 5o.35;ga2 49.7tti88e lOO.O

Average

547
3,9Ë

836
405

5 r6fu
3 r29o
L.7tl.9
8.1+

20 r?52 42.9 20,OgB
5 r+22 r\.5 5;775

!âtiïZ î8:l Ti3f,i
47 ¡2Q3 100"0 aSiro'

4gz
3,185
L,O5g-898

hzq
5 196:6

'a?Zo
3.1
8.0

9,6gto
5;zTL

14 t 9ol

10.l+21

,i;i"zl

Average

6r.L
3+.9

100.o

8.2
5o.3
17.8
L5.L
7.A

100. o

t¡l.3
11.9
29.7
18.1

100.0
If86

3 roo9
L,297-88o

4?8
6 1326

'a!ào
3.tl
9.O

11r863

,Z:Ü8t

65,o
35.0

100.0

7.7
5L.7
zo.5
13.9
7.6

100.0

69.g
30.1

Loo. o
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complementarity and substitutability bet¡seen lnputs ca¡r be

figured out by using a sinple correlatlon test. Reso¡rrces

are eomplements when the eorrelatlon eoefficlent is zeîo o?

greater while resourees are substltutes when the correlatlon

coeffieient 1s negative. The statlstLcal test of sinple

I correlations between varlables is presented !n Appendix I.
The general form of produetlon fi¡nctlons used in the

present study, broken fnto d.ifferent categorles of fndepend.ent

variables, are shown in the following equatlons:

(1) Froduetlon fr:nctlons lnvolvlng elght lndependent

varlables

, = .*lr *!z *!r -nn "?t *ä6 4t *Bt

(2) Produetlon funetLons lnvolvlng flve independent

variables
y = "*lr *8, 4e "þz 

xþa

Where y : output

xl : land

' labornz' '

x1 : building services
5

xtl : nachLnery and equipnent servlces

*l : cash operatÍng exPenses

x6 : livestoek Ínvestment

x.T ¡ ¡uanagement

xg : weather

x9 : caPltal
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Defl4ltlons of Variables

OutBut (y) 1s measnred, by the total values of farn
prod,uetion. the produetlon of each farm was d.erlved, frsn
the outputs of two naJor enterprises, the erop a¡rd livestoek
enterprÍsêsr value of crop produetlon !¡as derlved from the
ylelds and grade of each crop estlnateit by farmers and prices
assessed Ín the offlce of the Faru Busi.ness Assoeiation"2

value of llvestock production was the sale of llvestock
and llvestoek prod.ucts plus inerease or mlnus d.ecrease Ln

inventory mf.nus livestoek purehasêsr

f,an4 Input- (x1) is ueasured. by ].and assessment value,
whfch was obtafnàd from the l{r"urlclpal Assessuent Office. It
&easures not only the quantity, but also the qualtty of the
1and.3 Howeverr lt has been al¡nost fifteen years since lts
d.eternination in 1951. Durfng this period, the general

prlce level Lnereased, substantialry and. the dolrar value
depressed accord,lngly. lhe narglnal produetlvity of all
resources wiLl lnevltably be biased if the assessment value
were employed dlrectly in our regressÍ.on. ro be r:nbiased,

1n estinatlon of the produetivity of resourees, the orfginal
assessment values have to be adJusted to crrrrent d.ollar

Departmen
L964', pr 5.

icultural
Econoules,

3

versi of Manitoba,

Ludwig .Auer ¡ Fhod,uetivlty of Ressurees on Farms inthe Newd.ale-Haniota Area of Ma¡rltoban.(Unpublished Master¡ s
ThesLs, University of Manltoba, lrllnnlpeg¡-L959)t p. 53.
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values. For our analysis, the adjustment would be to double

the original la¡rd assessment value. This proced.ure has been

Justlfled by Ludwlg Auer.4

Labor (x2) is measured 1n rwork t¡nltst. A trork unlt ls
equivalent to lO-hours sf the dÍrectly productive work usually :

associated with a crop or a livestock progran.

the dlrectly productive norks on a crop progran nay be

the cultivation of land, seeding, fertíl1zer applicationn ,,

lnsectlelde sprayingr Braln harvestingr etc., afid on llve- 
,, .

stock prograrns it may be the feed preparation, feeding,

breeding, ete. lÍme spent on fence fixlng, building repairs,

livestock transportation, etc., has been regard,ed as

lndlrectly productj.ve work and. was not taken lnto aecotrrrt.

In the production function analysls the labor lnput has

generally been measured 1n months available. If the lnput

coüponents 1n the production analysfs should measure the

ar¿ount of resouree servl.ee used. up ln the production process,

this method of neasurement would overestimate labor lnput 
, .,,,

and would, therefore, und.erestinate the marginal produetlvity '

of labor resource. Work unit is preferred. in the present ,,',

study beeause it ueasures the actual labor serviee used up

tn the production.

Farn bulldlne servlee in dollars (xr) is nad,e up of 
',',, ,

d.epreclation and repalrs.
Farm machinerv and. eouipment sergtces (q) are the surn

+
Iþå.É. ¡ p. 26.
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of d.epreeiation and. current naehlnery e:cpenses such as gast

oil, grease, repairs, Ilcense, insutance, etc. The personal

share of eaî expenses has been excluded..

Cash ooeratinE expenses (x5) are made up of three

categories : (1) 6rop expenses--including fertillzer
purchased,, ehenical sprayr seed. treatment, seed purchasedt

crop custom work, crop a¡rd hail insurance, ete. C2) tlvestock

etcpenses--lnclud.ing purchased. feed, supplements, saltr mineralt

veterlnary and ned.j.cine etc. (3) Farm overhead expenses--

ineluding two-thirds of total expenditure on hydro, telephone,

flre insurance, etc. (One-third of these elcpenses ls con-

sldered to be the share of personal expenditures and. therefore

has been exclud.ed, fron buslness expenditures).

LtvestockJnvest$ent (x6,) 1s taken as a I percent of the

average of the beginnlng and end livestock lnventory.

Capftal (g) is total anrrual ,capital lnput lneluding

butld.lng services (x3) , nachiner¡¡ and equipnent services (n*) t

cash operating e¡cpenses (x5) ar¡d livestock investment (x6).

I'IanaEerial abilitv (x7). fhe lnportance of nanagenent

as a factor of productLon has been widely accepted. Attenpts

to measure naflagement have been made Ín the past. Tn L925

Bennett measured the na¡ragenent statistlcally by proposing

the ratio rNet Returns Over Farn Expensest as an Índ.ex of

the individual farmerts martagerlal ability.S The validity

5
M. K. Bennett'

.A,billty in Farning¡r;
tg25) , p. 347-318.

ItA Methoci of Measurlng ManagerLal
Jouraal sf Farn Eeononícs, VII, 3 (Julyt
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of the ratlo ea¡r be questioned, because the nunerlcal value

of this ratio ls a functLon of not only nanagerial abllity
but also other factors of production and 1t wou1d. be also

affected by the dlfferences of price and weather conditions

experlenced by indlvldual farmers.

Pond and Ezeklel took a new approach

elements of nanagerlal abillty in 1930.6

to

ïn

measrlre the

this particular

study, attrlbutes of dalry management were set up aceord.ing

to the subjeetl-ve jud.gnent of the lnvestlgators. Some of

the attrLþutes are 1lsted here:

1. Providing suitable barn eond.itions.

2. Supplylng a varlety of ratj.ons.

3. Keeping produetlon reeord,s.

l+. Ðisplaying fnterest ln dairy cowso

,. Practlsing regularity 1n care.

6. Shouing a llking for the d.alry buslness.

All farners in the dafry enterprise survey uere scored.

for each one of the attributes. AecordLngl¡ the quallty of

managenent on each farm was classlfled as goodr fairt
r¡nsatísfaetoryr or poore fn investigatÍng the attrlbutes
listed above, it eould be argueè that the managenent 1n

tbls study could. refleet the farnerfs qualltles of rsupervlsionl

rather tha¡r hls qualities of co-ordinatlon. Since nost

econonists have accepted. that eo-ordlnatlon Ís a main task

6
G. A. Pond and. M. Ezekiel, [Factors S.ffecting the

Physical and Economic Cost of Butterfat Production in Pine
Country, l"llnnesotarr. l{lmesota Agrlcultr:ra1 E:cperiment Statlon
27O.¡ 1930.
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of an entrepreneur, the study of Pond. and. Wllcox 1n Jlg327

anil the study of Glenr¡ [. Johnson in L9558 have dealt wtth

the problem of deternining the elements of na¡ragement Ín

the lÍght of the process of decision naking or co-ord,ination.

Howeverr tro scale for measuring managerlal abllity was

d.eveloped.

In view of the inportanee of managemènt as a factor of

productfon a¡rd the shortcomings of other studles, in the

present stud.y a new approach ln evaluatlng the elements of

manageríal ab1l1ty was taken. It night be descrlbed as a

combination of the approaches mentioned.. Managerlal abllity
1n the present study is measured in terms of indexes. It
takes lnto account both objeetive ar¡d, subjectlve factors in
lts determj.natlon. The analysis of the nanagement d.ata was

based upon two stages. Firstly, a set of lndexes was

derfved on an objective basls. Secondly, the set of derived

indexes was ad,Justed by a subJective evaluatíon.

The nanagerial lndex was defined as:

Net Farn Ineone x LOOft
Beglnning Net tlorth

i*Ïrere the net farm ineome 1s the value of farn prod,uctlon

less cost of farm productS.on. It neasr¡res the returns to the

7
G. A. Pond a¡rd. !f. tt. lflleox, nA Study of the FIunan

Factor Ín Far¡n l{anagerne[ttt, Jor¡¡nál of Farn Economics, ffiV
(July, L932) "

I
Glerur L. Johnson, BThe Friedna¡r-Savage Utllity Ilypothesls

in the Interstate Managerial Studyrr r. r
ÐOTVII (Ðecember, Lg55) ¡ p. 1110-111+.
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operator and famlly for their labor, managenent and. capital.
Net worth is the total anount of assets owned less the anormt

of all llabillties owing. As a eonsequence, this ratio
neasures the returns to the operator ancl famlly for their
1abor'managementarrdeapf.ta1perdo11aroftheentrepreneurls

investment e:çressed as a percentage.

The indexes were calculated for eaeh of tbe sa.nple farms

and. for eaeh of the years fron 1961 to L964. ^â.ssuning no

slgnificant char¡ges 1n ma¡ragerial ab1l1ty for the forrr-year

period,, the average of the four yearsr j.ndexes of each :

fndividual farn was taken as the stattstlcal measure of his
managerial abllity.

tle nay classify the quality of ma¡agement in aecordance

with these statlstlcal lndexes as shorsn 1n Tab1e 3.7.

T^ABf,E 3.7

FREQUENCY DISTRrBrnroN OF MANAGERIAT .åBItrTy 0N SA¡{pIfr
F.ABMS BASED ON ORTGINAL OBJECTIVE INÐEXES

Managenent l,Ianagement Indexes Fhequency Dfstrlbution
Groups

Top l+f A over 9

Good 31 - l+O t+

nAbove Average$ 21 - 30 \g
rrBelow Averagen 11 - 20 I+,

Poor 1-10 LO7

Total 311+
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For the subjective evaluatlon, the following factors

were considered sucb as tlre degree of alertnessr lntelligence,
technleal knowledger ndrlveRr alrd the abllity of deeislon-

maker functioning tn the context; i.e., Ín the light of the

opportunltles open to hin for uslng his managerlal ab1I1ty.

Accord.j.ngl]¡r the sample farmers were classifled, lnto five
groups: top¡ good, trabove averagett, rtbelow averagetr, and

poor management. .Ierry Ackerman, Fleldnan of the lúestern

Manftoba Farm Business Assoclation, has weighed lndfvldually
the ability of the sanple farmers, uho are members of the

Assocfation. Hls subJective evaluatlon r¡as relied on because,

as a farm management specialist, he has been working wtth

the farners for several years anil knows eaeh indivldual
farmer personally.

Regarding the objectÍvely amived lndexes as a franework,

necessary adjustnents were mad.e with reference to the

subjectfveJ-y arrived, evaluation. ff the conputed lndex of

a partlcular farn was 1ow and fell 1n the rabove averagerl

group, but the entrepreneur was subjectively evaluated. as a

good farmer¡ the eomputed index would be ad,jrded in favor of

the subjeetlve evaluatlon. For exa.mpler a farmer with an

obj ectlve Índ.ex of 2!+ should be eonsid.ered as an rrabove

average¡t manager. Yet, this partieular farn operator uas

subjeetively elassified lnto the rgood.r manageuent groupr âs

he is a maker of opportunitLes rather than befng a conservatlve

or about to d.evelop as is typlcal of the rrabove averagen

grollpr As a consequeRcer the lnitrex of thls farm w";ffi,fr1

C¡f l'ðJ'.'EI{:ilA
4@';øñF,Èi
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from z4 to 3t+ anit was thereby elasslfled as a I goodr farm

Dä"IIâ$êÍ e

The frequency dlstribution of nanagerial ab1l1ty of

sample farms after ad.Justnents is shor^rn tn Table 3.8.

rABtE 3.8

TREQTTENCY DTSTRTBUIION OF MANAGERIAT ABrLrrY 0N
SÂMPTE F^gRMS BASED ON THE ÂÐJUSTED INDEEES

Frequency DistributÍon
Management Managenent

- Grõups Indexes Snall- Medlun Lare'ç. -À11 Falns

lsp

Good

nAbove
Averageh

HBelow
Averagett

Poor

TotaI

Lrl & Over

31 - l+O

21-30

Lt-
L-

I
L2

3

L6

L6

33

30

98

23

58

6Z

168

13

38

t+8

98

LL7

311+

2

10

7

20

48

20

10

As conpared with Table 3.? t 37 out of 31t+ farmers or 8.5

percent of totat nunber of farners have cbanged fn positions

from abelow averagen and poor levels of nanagement to the

levels of Fabove averager, good and top.

The weather effects (xg) on farm production 1n the

present study are measr¡red. by weather lndexes, which was

conpiled |n a weather study9 condueted in the Departnent

9
M. H. Yeh and L. D. Blaekl ntüeather Cycle ald Crop

Predfuctions¡r, TeehnÍcal B¡11eti4, I{o. 
=8, 

Departnel!,gf
Àg"r""liurãr'n ltoba, 1964r Po Ll.
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of Agrieultural Eeonomlcs, University of l{anitoba. This

study d.eals wlth cyeles 1a the weather and productlon of

wheat, oats and barley 1n the Brandonr Dauphinr Mord.en and.

l{lnnipeg areas. One of fts four broad objectlves was to

formulate weather ind.exes exhlbiting the effeet of ellnate

on crop yÍelds.

In the analysis, the factors influencing crop yield per

acre has been grouped und.er four general categorLes: (1)

Resources Ínputs; (2) Technologlcal luprovenent; (3) teleather--

direet as well as indlreet faetors, and, (4) Chanee.

The effects of the first tuo lnput eategories were

assu.ned. to be approximated by a linear trend,. lhe actual

yield per acre was then expressed by the nodel;

Ir1 =òt + .gi$ +, wi t ei 1=11213. (1)

where ¡r1 refers to the actuaL yields of wheatr oatsr barley

per acre respectively. The flrst two terms eonstitute the

llnear trend. approxlnatÍng the effects of resources and.

teehnologleal inprovement, rfått 1s the conposlte weather cyclet

and the last tern represents cha¡rce effects whieh is assr:med,

to be nornally and independently distnfbuted.

A noclel Î = ai + þixl was d'esLgned to remove the average

value anô the trend fron the orlginal y1eld per aere d,ata.

They were assumed, as being the effects of resources fnputs

and technologfeal lmprovenent. the redueed data (y - 9)

would be the effeets of weather ar¡d. chanee on erop prod.uetlon.

The Modifled Fourler Analysis was then applled to the

reduced. data in d.etectlng the eonpEslte weather eycle'
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Assr¡mlng that the same patterns of 1910-L96O had eontinued.,

crop yields had been predlcted by substLtutlng those values

of a, b, and w lnto nod,e1 (1).

The weather ind.ex was eonputed as the ratlo of actual

yield to the fitted trend.. In the present study, LOOI6 Ls

used as standard weather lndex. Any lndex number belowl"LoOÉ

lndicates a negative or r¡¡¡favorable effect on the crop yields

d.ue to dfrect and/or lndlreet r.¡eather lnfluenees whlle above

LOOfr shows a posltlve or favorable effect on crop yield.s.

hleather indexes 1n varlous years have been computed

wlth respect to wheat, oatsr and barley for varlous crop

d.istrlcts of Manitoba. The sample farms in tbe present stud'y

are mainly scattered. 1n dlstricts 9 and 10. Weather indexes

for wheat Ln these two districts coverlng the years of l¡96L

to 1961+ are shor,rn 1n lab1e 3.9. In general, weather was

mueh below normal in 1961 as compared with that above and.

around. normal ln ]t962 through to 1961+.

T.ABLE 3.9

TüEATHER I}IDÐ(ES FOR WHEAT BY YE&RS .AXID CROP ÐTSTRICTS

l¿t:

Years

Ðistrtcts 1o61 . to62 1o61 to6l+

9

10

Bt.gzog 97.23L9 83.7690

l+.23+3 lot+. 84Zg ]-:O7.zlt+

gg.7lg2

123.230tt



CHAPTER IV

EMPIRICAT BEST]TTS AND THETR ]IVTERPRETATIONS

The enpirical results and thelr interpretations w111 be

presented. in this ehapter in three separate sectlons. The

flrst seetion 1s concerned, with the general productivlty of
farm resourees based on dlfferent sizes of farms. The

second. sectlon provld,es a comparlson of the resource

productlvlty betnreen crop and ni.xed farmlng. The last
section is devoted to ínvestigatlng whether there have been

any shifts of prod.uctfon frrnctlon or any changes 1n agri-
cultural structure in the period, from 1!6J- to 1961+.

I. Ihç General Froductlvity of Farn Resources bv Sizesof Farm

The lnput-output data of 31tr sanple farms covering the

period ]:96]- to 1961+ were fltted for three different slzes of
farnso nanely; smallr med,iu^m ar-rd large--of capltal less tha¡r

$6orooo, $6o1000 to $8oroo0 and, more than S8oro0o. Each slze

of farn was fitted. for two d.lfferent forms of cobb-Douglas

equations. The first equatlon lnelud.ed. four varlables:
1and, Iabor, capltal a¡rd. management. A seven-varlable

equatlon was fltted to the same varlables ercept that capltal
lnput rras broken fnto farm buf.ldings, farm machlnery, cash

operatf.ng expenses and llvestoek Lnvestment. lhe eorrespond,-

lng forns of the cobb-Douglas equatlon were also fitted to
these Jil+ observations representlng the over-alr average of
the productlon of the studfed ârêêo The results for eaeh
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of the productlon equations were derlved by the nethod, of

least squares. Ihey are presented, and diseussed, 1n the

following sectlons.

Results of Eouations

The resultant regressÍon coeffieients (elastieities) 
e

eoefficients of deternination a¡¡d standard error of estimate

for the produetion fr¡nction f¡n each case are presented Ín
lable l+.1. The regresslon coefficients of all variables ln
the equatíons of four lnd,ependent varfables Ifilere significanü

at a I pereent level with the exception of farn labor fn both

snall and large slzes of farm. fn seven-variable equatlons

the regresslon eoefflcLents of all variables Íneluded. were

signÍflcant at a f percent level with the exeeptlon of

bulldings 1n all sizes of farnsr farn labor ln the snall

slze and. over-all average of, farnsr nanagement in nedii¡n sizet

farm land, machlnery and llvestoek lnvestaent of large faraso

lhese regresslon coeffieients are the elasticity of the

dependent varlable with respect to the lndependent varlaþle.

the resulüs show that all regression eoefficÍents or elasticl-
tles in each productlon frrnction were less than one a¡rd

greater than zeîo, Olb{l, indicating a di-minishfng narginal

return of its eorresponillng resouree, nanely; land, labort

capital and, management. lhe sign of regresslon eoefficient
for labor 1n the seven-varÍable equati.on was negative in the

small sfze of farn and was not significant by rtr-test.
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Accord.ing to Tlntner and. BrownleêrI negatlve regression

eoefficlents within the range of inputs on most farms are

neaningless. The eoefficients of d.eterninatlon ranged. from

61 to 8e an¿ were all slgnificant at O.1 percent level. The

results indfeate that approxi.inately 61 to 82 percent of the

variation of farm ineomes could be explained by the factors
included, 1n eaeh of the regresslon equations. The remaining

39 pereent or less of the variatÍon of the farm lncones may

have been d,ue to other input faetors such as weather whfch

were assumed to be nornally d.lstributedo

The Mareinal Value Productivity. of Farn Resources

The marginal value prod.uctivitles of corresponding

resources of lar¡d, labor, capltal and management are shov¡n in
lable 4,2. These resuLts represent narginaL returns of a

speeified, resource when all other resources were held

eonstant at thelr geonetric mean.

In the general situation as sho¡m in Table 4.2, the

marginal value prod.uctivity or narglnal returns of land. was

$0.e1; of labor, #o.W; of capital, $f.l+Br and of nanagerLal

abllltyr $109. These results ind.leate that a¡r additional
dollar invested. ln land added. $0.21 to gross returns, an

adititlonal hour of labor #O.77¡ a¡r addltional d.ollar of
eapital $1.1+8r æd one nore unit of managerfal ability $t09.

The narginal value proiluctivlty of land sho¡rred. no

I
Tintner, G. a¡rd Brownlee, D. H., sProd.uction tr\rnctions

Ðeri.ved frgg Farm Record,ss, J_ouinal .of Farn EconoJn_les, )Cfi¡f
(August 19'+4) r pp. 166-lZz,
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I4ARGINA& PRoDIICTMTY 0F LAIID, LABoR, CAPITAT .AI{D I{ANAGEMENT
TfITH AfI RESOTRCES AT GEOMETRIC MEA.N BY STZES OF FAAM

Snall Mediun f,arge Average

G.M. of* G.M. of* G.M. oft G.M. of*

tar¡ct

Labor

CapltaI

Management

11,610

1r9O1

3 r6rtr

14

.L7

.2L

1"36

1o3.oo

* All resouree lnputs are measured ln dollars except for labor
which ls measured Ln dlrective work hours and, managenent
whlch is measured by a management ind.ex.

t8r6eo

21636

5 1875

13

.LZ

1.02

L.2T

121+.oo

30,620

3,7L5

10,3OO

1l+

.13

.2I
1. tg

168.o0

L7r3l+o

2r5r2

5 $o8
1l+

.2L

,77

1.1+8

Lo9. oo
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slgnlficant difference between sfze groups. The returns from

an additfonal dollar invested. in land would, yleld nearly

the satne returns from small ($0.17), ned.iun (SO.fe) r and

large ($0.f3) farns. An addltlonal dollar of capftal invested.

ln farm busÍness add.ed. $1.36 to the gross income for the

small sj.ze of farn, SI.el for the medir¡m size of farm, and,

$1.t8 for the large sLze of farmo One more unit of manage-

ment would earn $fO3r $tzl+, and S168 in small, med,irrn and,

large sizesr respectlvely. The marginal value productivity
of labor was rsignificantly dlfferent between three different
sÍzes of farms. Ar additional hour of labor in a ned.ium slze

farm ylelds a retr:rn of S1.02, whlle it earns only $0.21 in
both the snaI1 and. large size units.

Compariqon gf Mareinal Value Prod,uetivjtv of Resources
to Market Prices

The marginal value productivities of land, labor and.

eapital at thefr geonetric mean lrere then coropared. to their
market prices or eosts. For capftal lnvestment in land

this cost was assumed to be $O.OB per dollar lnvested 12 ""g",
for labor were taken at #O,7f per hour and the rate for an¡rual

eapital Ínvestment was set at $1.05 per dollar lnvested. No

market priee was attached to managerlal ab1llty. The

comparÍson of marginal value produetivities and market prlees

2
It eonslsts of a $0.05 charge for lnterest and, a

$0.o3 charge for real estate taxes.

3
The hourly rate of $0.75 was approximately

equlvalent to a monthly rate of S1t0 (lncluding room and board.).
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is presented in lable 4.3.

TABLE 4.3

COMP.ARISON OF MARGINAT VAIUE PRODUCTIVITIES
AND }4J,RKET PRICES OF RESOURCES

tivity
Resources Market Priees

Iand

Labor

Capltal

.L7

.2L

1.36

.12

l.o2
L.2L

.13

"2L
1.58

"2I
.77

1.t+8

.o8

.7,
1.05

the narginal value proiluctfvities of land a¡d capital

were consid.erably above the narket prices in all sizest

whlle the narglnal- value produetfvitles of labor were cop-

slderably lower than the narket priee 1n the cases of small

and large farmsr Ðd just higher than the narket price for

medirr¡r size as well aS for the average of the area. The

results lndicate that sesources were nisall0cated on these

farms because the nargÍnal produetivltles were above or

below, but not equal to, narket prices. Und'er the assumption

of perfect competltion, farmers have no control over the

priees. In ord.er to equate the marginal produetivities of

resources to their prlces, the onl¡r alternative open to

farmers is to realloeate thelr resources on thelr farms'

ReallocatÍon of resourees cari effectively change the narginal

productlvities. lhe change in the quantity of one of the

resources wlth quantities of other resolrrces kept unchanged
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affecûs the narginal productivities of resources i.n two

ways: (1I ff¡e marginal produetivity of that partieular
resource w111 change, and (21 the marginal productivities
of other resources whieh have been herd constant wirr be

affeeted. The nexË sub-sections Íllustrate these sÍÈuations.

Diminf sh-ing Marginal Beturns

the marginal value productivity of a particular resouree

depends so1ely on its own quantity wheneven a1l other
resource inpuËs are held constant. If the elasticity of
production of this resouree is snaller than one, its
marginal value productivity ür1ll faII if more inputs are

enployed. The production funcËions derj.ved. from the far"m

data direetry indicaËe the elasticlty of production for the

different resources. The elastieity of produ.ctioa is
defined as follows: The pereent i.ncrease in production due to
a one pereent inerease in the input of a given resource;

other resourees held consËanË. rn Table l+.1, arr regression

eoeffieients or elasticities were less than one in ühe cases

of all the resourees revealing a dininishing marginal

return. The overall average elasticity of production for
the labor resource in the studied area is 0.r5 in the four-
vari.able equation. Thj-s Ímplies that a one percent i-nerease

in ühe labor input results in a 0.r5 percent increase in the

total farm income. Thus, labor exhibits diminishing narginal
producÈivity.

Tabre tr.4 shows the marginal value producËivities of
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T.ABLE l+,I+

TITE MARGINAI PRODUCÎIVTTTES OF I¿NoR OF THE AREA
AS A fa¡H0tE AT VARYING LE\I:EDS 0F INPIJTS WITII

OTilER RESOïIRCES: ilM, CAPITÂL,
MANAGEI4ENT AT THETR RESPECTWE

GEOMSIRIC MEAN

Resouree Inputs(Hor:rs) Marginal Productivlty

2r5L2

5 roz4

7 1536

10,O+8

.77

.l+3

.30

.24

the labor 1n the stud.led area as a trhole wlth other resouxces

of land, capltal, and management at their respeetlve

geometric üeâr¡ When the labor lnput is doubled from a nean

value of 2¡5Lz hours to 5rOZ4 hours, the marglnal value

procluctivlty of labor d.rops from #o.77 io So"t+3 per hour.

The marginal value prod.uctlvity of labor fal1s to $0.21+ per

houq when labor inputs are expanded to lOrOtrS hours (i.e.,
expanded to for:r tines lts geometrÍc nean). thus r the

change in the allocatlon of one of the resources alters its
margi.nal value produetivity. åt the sane tiner howevert

this change affected the marginal prod.uetlvities of other

inputs. This is shor,rrn in Table ).5. Table 4.5 shows the

effect on the narginal productivity of land, capitalr manage-

ment, when labor 1s increased. from its geometric nean, zrrlz
hours to the doubled nunber of 5 rOZ4 hours. Wfth an i-nerease
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TABLE l+.5

THE EFFECTS CIF CIIANGES TN TABOR TNPUTS
UPON MARGINAI PRODUCTIVTTIES

Input of l¡abor Resources

2 1572

5 roz4

.77 .2L l.tr8

.l+3 .24 L.65

109

L2L

in labor lnputs the marglnal productivity of labor deelinest

but at the sane tÍne, the margfnal productlvities of other

resourees of land, capital and management increases. This

d.emonstrates that the effect of changing one resouree Íncludes

an inpact on all other resourcêSo

In vlew of this process, it Ís apparent that it 1s not

sufflelent to deal wlth the allocatlon of one partieular

resource wÍthout conslderlng the effect ïlpon the productivitles

of other resourees 1n adJusttng resource use from that which

is existing to an optimr:n. For further insight lnto the

proeess of resouree allocation, the relatlonship of factor

combinatl0n and. substitution are next exa.mined..

Faetor Conbination and -Substftutlon
Factors of production which are substitutes for each

other can be enployect ln many combÍnatlons to prod.uce a

given level of output. Various conbinations of labor and'

capital ylelding the average lncomes are given in Table t+.6.

gÍnaI Froduetivities of
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TABI,E 4.6

,nBo; AND caprrÅt c.MBïNATr'Ns yrEï.DrNc arr'&ac'
IIVCOMES WITEN THE INPITTS OF OTHER RESOITRCES

^ARE HEIÐ AT TIMTR GEOMETRIC MEA}T

Small

$8,eot+

Medlu¡¡ Large
fncome

$rSrooo #zr,o6o

General

Sl3,ooo

3,2oo

3 rho
3 r6t4*
3,8Oo

l+rOOO

Hrs"

8r308

3 r98,
1r901*

1r035

556

5r4oo

5 16oo

l rB75*

6,ooo

6 rzoo

Hrs.

S rzgz

2 rggo

21636*

21494

21288

9 rSoo

10 r0OO

10 rJoo*

lOrtOO

lOr7oO

IIrs.

to 1560

6 1934

3'7t *
2r5O7

t169z

t+r9oo

Srtoo

5 r5o8*

5 r7oo

5 r9oo

Ifrs.
l+r1OO

3 1467

2r5!2*

2 rL76

lr8Bl+

* Geometric Mea¡r

For the snall farrp for exa.rnpler oD the averâger $3r6frr of
annual eapital lnput and 1 tgOL hours of labor were used, j.n

prod.ucing an average income of S8r2O4. .Another combi.nation

in producíng thls average j.ncome was 1$31 hows of labor a¡ld

an lnvestnent ln capital of $3r8OO. As nore capltal is used,

in productlon, corresponding less labor is required. to
prod.uce the såme a:nount of farm lncone. Vlce-\Iers,a, if less

capital inputs uere used., labor requirements rn¡ou1d rise.
Slnilar relationshlps characterized the combinatlons of labor
and eapital in nedlr,ur larger and the average farn sltuati.ons.

They are shown in the rest of the six eolrrnns of Table l+.6.

The same relationshfps hold for the conbinatÍons of other

Tesoürces. Ìùhenever more lnputs of one (substituting)
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resouree trere usedr the ld.entical output eould have been

obtained with less lnputs of the other (substltuted)

resouree. Thls relationship 1s lllustrated by the negative

value of the narginal rate of substltutlon.

f,and¡ laborr æd capital could only be substftuted for

eaeh other at dimlnishlng rates. This ca¡r be lllustrated. by

the dlminlshlng rates of substitution (in absolute terns).

Table l+.7 shows the marginal rates of substftution of

capital for labor at the levels of conblnatlon eorresponding

to that of Table l+.6.

The average marginal rates of substitutlon of capltal

for labor were 6.tr for the snall farms ¡ 1.2 for the ned.ir¡m

farms t 7.5 for the large farms and. overall was L.9. That

meansr at average fnput levels, one ad.ditional dolIar of

capital could. replace 6.1+ hours of labor on snall farms,

only 1.2 hours of labor for the nedlum; and 7.5 hours of labor

for large farms. 0n the average, one ad.ditional dollar of

capftal eould. replace 1.9 hor:rs of labor of the studied ârêâ¡

If the capital inputs were enlarged from mean valuer the

marginal rates of substitution 1n absolute terms Idould.

dininlsh. For lnstaneer oD small farmsr if the eapltal was

increased from $31611+ to $3r8oo, the nargfnal rates of

substitutlon would. d.ecrease from 6.4 to 33. It is equivalent

to say that the hor¡rs of labor which could. be replaeed. by

one additional dollar of capital would d.ecrease from 6.4

hours to 3.3 hoursr lf capital inputs were expanded. from

$31611+ to $3r8oo. Thls lllustrates the phenomena of



Hrs. f,abor
Replaced by

Capital One Ad.d. $ Capital

ÎABLE !+.7

MA,RGTNAI RATES OF SUBSTITINTON OF CÂPTTAI FCIR IABOR
W}IEN AI,E OTHER RESOURCE TNPUTS ARE ITEDD AT

TITETR GEOMETRTC ME.AN

Snall

3 r2oo

3,t+oo

3 r6tl+'t

3 r8oo

4,ooo

3L,5

L4.2

6.1+

3"3

L.7

Medium

Hrs. tabor
Replaced by
One Add.. $

5rt+oo

5 16oo

5 1871*

6 rooo

6 rzoo

f,arge

Hrs. Irabor
Replaced by

Capftal One Add.. fi

r.6
1.1+

Irz
101

1.O

t Geometric Mean

9 rSoo

101000

10r300*

10,5oo

10,7OO

22.1

L4.5

7,5

5"O

3.3

Replaced by
Capital One Ad.d.. fi

Average

Hrs. Labor

4r9oo

Srtoo

l rloS*

5 r7oo

l rgoo

Hours

3.5
2.9

1.9

r.6
1.3
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diminlshlng narglnal rates of substltution and the eeonomic

process of resource allocation. Forr 1f two or more

faetors, all essentlal to the process of productionr can be

substituted for each other at only a dlnlnlshing rate, 1t

nust be declded how much of each should be enployed to

nininize eost and thereby optimize resource üsêo

f,east-eost Conbi.nation of Resources

The optlmr¡m rate of farm resources eaa be obtained by

uslng the princlple of a least-eost conbfnatÍon of x@soltrcêsr

In exaraining the least-cost comblnation of resourcesr the

hypotheses set j.n Chapter I that there exists a surplus of

labor and a shortage of capitalr Ís tested.

The least-cost combination of resources 1s founil where

the cost of the adcted resources just balances the cost of

the resource replaced. More specificallyr the least-cost

eonbination is deternlned. where the followÍng equallty holds,

dxr p.,^ , where d"L is the marglnal rate of substitutlon
.r--..+- - ezilx2 -uo axt 

P--
of resources x2 for x1 and, where 'x1 is the prÍce of x1r n*,
is the prlee of xr. The least cost eonbfnatlon of resourees

anil its comparlson to the aetual use of resources are

d,lscussed. below, separately, for snallr mediumr æd large

farms.

Snall Farn

The least-cost and. actual eombinati.ons of resourees

yieJ.ding an average incone of $SreOtr is shown in Table l+.8.

As the first three col¡nns show, farmers eonnbined., on the



TABLE +.8

COMPARISON OF ACTT]^AT AND I,EAST-COSI COMBIN^û,TTONS OF RESOTIRCES;
YTETDINO A}I INCOME OF $B,EOI+ FOR SMALL FARM

capital and f,abor capltal and. Land. tand-and tabor

Actua1
Comblnatlon

Least-Cost
Combinatlon

3 r6tl+'t

4 ror7

Hrs.

1r901*

469

S rzzo

) r6tz

* GeonoetrLc Mean

3 r6tl+'¡

3,lld+

t].,610* 4 r7z\. tl r61ox l rgol*

16146o l+1618 161380 329

2 ¡351

L rl57
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average, $3r6tlr of capital wlth 11901 hours of 1abor to
produce an lneome of $8rZO4, providing land. and. managenent

at geometric mean. fn Figure l+.1, thÍs eombination 1s

d,enoted. ¡y cl on the rtaveragett iso-quant cürvêo lfith land

a¡d management held at the sane Ievel and wj.th market prlees
set as ln Table tr.3r the least-cost comblnation for yleldlng
the sane leve1 of income would ¡e $brol\ of eapital with
l+69 nours of labor (denoted. by oe in Figure 4.r). Farmers

could have chosen this resource eombinatÍon with fer'¡er labor
and more eapltal lnputs to produee a same 1evel of income.

Thls realloeatíon of lnputs would, have red.uced. costs by

$6o8. rt appears that farmers of thls category misalloeated.

labor and. capltal. 0n the average, they used, an excess of
labor and. too I1ttIe capital to prod,uce the average income.

The marglnar productivity of annual eapital broken lnto
various forms of build.lng services, maehlnery and. equipnent

servlces and. eash operating eosts at their geometric mean is
also compared to their eorresponding eosts. This comparj.son

might throw light on the extent and klnd of mfsallocation
of capltal between varlous forms. As Table l+.p shows,

bufldlng services mÍght be over-invested on smalr farms

since their marginar prod.uctlvity is lower than their eost.
Maehj.nery and equipment servlee and. cash operating cost 1n

forms of fertilizer, chemlcal spray¡ purchased. feed,,
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rAgf,g t+.9

THE COMP^ARISON OF }jÍARGINAL PRODUCTIVTTY OF CAPITAI
ïN FoRMS 0F BUILDTNG SffiVICES, IÍACHINERY AIVD
EQUIPI{ENT SERVICES, CASH oPERATING Ð(PENSES

Ar rrmrR orom*åfi"mof;fl rrrErR cosrs

Buflding Servlces

Machlnery &
Equp. ServÍces

Cash Oper.
Expense

tr75B

L rr72

1.kl

1.70

1.05

L"05

supplements, etc., could be und.er-invested 1n view of their
substantlally hlgher marginal prod.uctivities than their
costs.

fn the eomparlson of the actual and. least-eost comblna-

tions of capltal and Iand., the shortage of capital 1n the

form of land. on small farms Ís more serious than shortages

of other forms of eapital. By combining capital anor:nting to

$3114 whlch is $tr7O less than the average lnput, with land

valued, at S16rl+60 which fs $hr85O more tha¡ the average

lnput to prod.uce the same incone of $8 r2O+, costs would. be

reduced by $106.

The shortage of capltal invested (tn lan¿) and a surplus

of labor would further be supported by the investigation of
the actual and least-eost eombfnatlon of land. and labor. By

using 572 fewer hours of labor and $l+ ¡77O more of landr on
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the averâg€r rn¡ould reduce cost by $798.

Medium Farm

The least-cost and aetual combinations of resources

yieldfng an average income of $tlrOOO was shown 1n Table

4.1O. The first three colr¡rnns show that farmers connbined,t

on the average, #51875 of capital wlth 21636 hours of labor

to prod,uce an income of $15'OOO. The least-cost eonbinatlon

of capltal and labor yleldlng the same level of output with

land and. management remained. at sar¡e level would be $51608

of capltal with 2rg8} hours of labor. 0n the contrary to

small farns, medfr:m size farmsr or the average nlght be

using too much eapital and too Iittle labor hours. However,

its devlatiors from an optinr:m combínatlon were not large.

0n the averager lt would use excess capital of only #267,

and. be short of labor by only 3lr4 hours to prod'uee the

average income with other resourees held at mean levels.

By the reallocation of labor and capltal costs could be

redueed by Just $23. In vlew of this factr uê might say

that resource allocatlon on this category of farn, on the

average, appears to be quite efficient. the comparlson of

the actual and. least-eost combinatlons of capltal and' landt

land and labor in Table 4.9 would further support this point

of view. The actual and least-cost eombination of labor

and eapital is lllustrated 1n Flgure l+.2. t{here C" and C1

show the least-cost and actual combinations of labor and

capital to prod.uee the average lncome of $151000 with

other resourees held at the geonetric mealß. I" and 11
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IABLE Lr.lO

THE IEAST-COST AND ACTUAI COMBINAÎIONS OF RESOT]RCES YIETDTNG
ÂN AVERÂGE TNCOME OF $1',OOO ON MEDIIIM FARM

Actual
Comblnatlon

f,east-Cost
Comblnatlon

Capital a¡¡cl Labor

5 ¡875*

, 1608

2 r6J6*

2 rçl8o

Capttal and. Dand

8r1r+6 11875*

gru3 5 1578

* Geometrie Mean

t8r6zo* T1659 1816zo*

22 rLrO 7 ,626 Lg ,2OO

Land and Capltal

21636*

21574

3 1467

3 r+66
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representlng the cost of optlnum and aetual combinations are

close to eaeh other.

However I if we examine the narginal prod.uctivity of

capital in the form of bulldlng servfcesr nachlnery arÌd

equlpnent services¡ and, cash operating expenses and. conpared

then to their eostsr wê flnd that nisallocation of resourees

can exlst a:nong various forns of capÍtal. Similarly to
snaIl farns, farmers of this category night invest too much

capital on bulLdingr and too llttle on nachinery and.

equipnent as wel1 as on eash operatlng exp€Dsêsr The

eomparlson of marginal productlvlty of capltal in varlous

forms 1s shown in lable 1r.11.

TABI,E tr.11

THE COMPARISON OF MARGINAI PRODUCTTVITY OF CAPTTAT
rN FoRMS 0F BUTLDTNG'SffiVrCES, I,ÍACHINERY AND

EQITTPMENT SERVTCES AND CASH oPEnATTNG
Ð(PENSES TO THEIR CORRESPONDING

COSTS O¡I MEÐII]M FABM

GeometrLc Mean

Butlding Servf.ees

Machinery & Equlp.
Services

Cash 0peratfng
Expenses

2r838

21000

¡6: .20

l.tl5

t.96

L.O,

1.05

1.O5

Laree Farn

Table tr.12 shows

of resources yleld,ing

I

the least-cost and. actual comblnations

an average lnco¡te of #25 106A. As the



TABIE 4.L2

COMPARISON OF ACTUAT AND IEASI-COST COMBINATIONS OF RESOURCESyIEtDINc AN INCoME 0r g25106O OU T,ARGE FARM

Capltal and f,abor ---

Actual
Conbinatfon

Least-Cost
Conblnatlon

10 r3oort 3 r7t * L3 rlgo

11,130 7+7 L2 ,246

t Geonetrie Mean

10 r 300* 30 16zo* L3 126' 3O r 6eo* 3 rzt * 5 1236

ro ,2og 311810 13 ,26t1 W ,glo g8z 3 ,g3B
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aetual and optimum combinatlons of capital and labor showt

on the average, large far¡a might be using too little capital

ar¡d too nuch labor fn producing the average income. A

reallseation of resourees by using $73O more capital and

itr968 fewer hor¡rs of labor r'¡1th other resources at geometrlc

mean would reduce cost by $1r3t+4.

In Flgure hr3, the optlmr:m and actual conblnatlons of

labor and capital are shown b]t Ce and C1 respectlvely. Ie
and I, are the lso-cost llnes correspond.lng to the conbinations

of C" and, C1. The differenee of Is and 11 would. represent

the red.uctlon of eost by reallocatlon of labor and capltal

from the existlng comblnation to the optimum counbination. '

Table l+.13 shows that nisallocation of capital a¡nong

various forms of capital might also exlst. However, on the

eontrary to medlr:m and small farm, the large farm might be

investing too much of their money on machinery and, equipmentt

and lnvesting too llttle money on bulldlng services and

eurrent operating expenses.

fABf,E l+.13

THE COMPARISON OF M,ARGINAL PRODUCTIVITY OF CAPITAL
rN FoRMS 0F BUTIDTNG SERVTCES, I{ACHTNERY AI\ID

EQUTPMENT SERVICES ÂI\ID CASII oPBATING
E]TPENSES TO THEIR CORRESPONDTNG

COSTS ON T"ARGE FARM

Geometric Mean

Bpllding Servlees

Machlnery & Equlp.
Services

Cash Operating
Expenses

789

, rll2

3 r33l+

1.t{-2

.L9

L.70

LO,

1.05

L.05
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With other resourees kept at their geometrie mean and

with the market prS.ces used in this sÈudy, the large farms

night also, on the average, be using too little capital in
the form of land to produce the mean incone. The acËual

use of land wor¡ld be lower than that optimu"m sreggesüed by

the $I0,33O. However, sinee the optimum anount of land.,

$lÈ0, g5O. as sho¡m 1n the 8th column of Table 4.11, exeeed.s

the upper lirait of the observed land value by {þ25 1459, the

$I0r330 differenee might not be a very reliable measure of

the true difference. Nevertheless, iü is likely that this
size of far"m does suffer frorn a shorÈage of land.

The Effects of luranaEement as a Faetor of Froduetion

The third hypothesis in Chapter f stated that manage-

ment hras a signifieant factor of produetion. The evideace

whieh supporËs this hypothesis ean be seen in Table l+.L,

where, iD eaeh of the Cobb-Ðouglas equations, managenent,

as a faetor of producti.on, tested significant at 0.1 to 5

percent exeept for ühe management of medir¡m farm in Èhe ease

of the seven-independent variables which was tested signifieant
at 20 percent level. Other evidenee is presented in Table

4.14. H[anagenent as it was measured in this study acted

as a significanÈ faetor of production beeause a lowering

of the management index reduced the marginal productivities

of the other facÈors of production. When the unanagement

dropped fronr the first Índex group, which represents

good managerial ability, to the last group, wþich



7LraBLE l+. 1l|.

TFIE !]Fb-ECTS OF CHÀNGdS IN FJÂNAGEP]ENT

UPÛN YIARGINAL PRODUCTIVITIES#

Input of Marginal Productivities of

35.5

25.5

L5.5

5.5

l+7

63

98

2l+6

.2h

.23

.2L

.L9

.86

.83

.79

.7A

L.65

L.59

1. 50

L.33

# fn marginal- prod.ucÈivity calculated here is based
on equation (tr.) in Table 1r.1.

represenÈs Êhe poor managerial abilityr the marginal productivity
of land dropped from ftbO.2¡l to $0.1p, armost 2l percent less,
and thaÈ of labor dropped frsn S0.86 to $0.2O, approxinately
2O pereent less. The narginal productívity of capital dropped

fron $t.65 to $1.33. It is also nearly 20 percent less.
fn view of these faets, Banageríal abilÍty is very

important in the efficient use of land, labor and eapitar.
the operat,ion of rural cnedit faeilities might well be

inproved by using credit ratings which take lnto eonsideration

the manageriar abirities of the fa¡,.rner. sirnirar attenËion
to managerial abilÍËy is desirable in other aspeets of
agrieultural organizationr ê.9. r in entry into the i.ndustry,
the size structure of farrns, farmersr partieipation in ütre

rest of the economy, and the type and extent of üheir training
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and ed,ueation, etc.

Returns to Scale

ft has been hypothesized in Chapter I that increasing

returns to scale nay exist 1n agricultÌtpêo Here, the Cobb-

Douglas fr¡¡rction derived from farn data w111 lndieate the

nature of the returns to scale of farm business in the

studled ârêâo 'Accordfng to the principle, 1f the sirm of
the elasticj.tles of prod.uetion of all the resouree inputs
a^nounts to less than one, there are dininlshing returns to
scale r æd if the sr¡m of the elastlcities are greater thaá

one, there are lnereaslng returns to scale and, constant

returns to seale where the sun of the elasticitfes equals

Oflêr

The sr¡rnmatlon of elastleltles of resources of the

d.erÍved, Cobb-Douglas equations representlng the prod.uction

of snall, medíum and large farms and the overall average of
the area involving four and seven Índependent variables are

taken from lable 4.1, and are shor,rn as follows¡

Category of four independent varlable equations:

Size of Farn Sun o-f 4lasticítles
Snall 1.0690

Mediun o9]-23

Large .g+O5

Average 1.1416

Category of seven independent variable equations:

Sma1l 1.0070
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Mecllum

&arge

Average

.9L94

.9140

1"1021

Equations of both categorÍes showed. consistent results;

that lncreasing returns to seale eould exist for snall farms

and for the overall average of the area, whereas dlnlnlshlng

returns to scale eould hold for nedlr¡n and large farms.

Under conditÍons of lncreasing returns to scaler a proportional

lncrease ln all resource inputs leails to a more thart

proportfonate i.ncrease in output r whereas r¡nder cond'itlons

of dlninlshlng returns to scale, 1t leads to a less than

proportlonate lncrease in output.

according to the average prod.uetion fi:nctions, con-

dltions of lncreasing returns to scale existed. Ilowever,

a severe capital shortage could have llnited or prevented

gains in productivity that mlght have been aehieved. by

expansion in scale of prod.uctlon. In the for¡r-independ'ent

varfable equatfon, the sr:n of elastlcÍtfes a¡nount to

approxinately 1.11+16 for the average situation. Aecord'fngl¡rr

an lncrease of 1O0 percent ln all resource inputs raísed'

average farn output from Sl3rOOO to #261070r of an inerease

of 101 pereent. Ì¡lhen land and eapltal inputs were heLd

constant--a condition which mlght prevall under extreme

capltal shortage--total produet increased by only 9 pêrcêIlto

If , cË the other hand., labor inputs aLone had been fixed at

the average, a 10O percent inerease |n all other inputs

would, have raised output to S16 rB5O dollars or by as much
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as 30 percent. the fact that most farmers did not operate

at these Ievels of lnputs and output seemed. to indlcate

eonditlons of severe eapital llnitation a¡rd, labor surplus.

If. Thq P4od.uctivjtv Oomparison of Crop and M:ixed-Farnl4s

In this seetlon a productivity comparison of crop and.

nlxed, farning is made.

The lnput-output data of 31h sa.nple farns covering the

perlocl of L96I to 1964 were dtvided lnto erop and nixed

farning based, on thelr source of fncome. Those farms

d.eriving 80 pereent or more of thelr ineome from erop enter-

prise were classified as crop farnÍng. Those who derlve

less than 8O percent of thelr lncome from crop enterprise

were elasslfled as mixed farming. Eaeh type of farming was

fltted i.n two different forms of Cobb-Douglas equations:

(1) Four-varlable equatlons; land, labor, capital and

management were the lndepend.ent varÍ.ables, and (2) seven-

variable equations; lnc1ud.lng the sare independent variables

as the first category except that capital input raas broken

into farrn buildlng, farm maehlnery, eash operating expenses

and llvestock investment. The results for each of the

produeti.on equatÍons are presented, and diseussed, ln the

followÍng sections"

lhe Results of Eouatlons

Ihe resulta¡rt regression coefficients (elastieities),

coeffÍcients of determfnation and stand,ard error of estinate

for the productÍon function in eaeh case are presented ln
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lable b.I5. The regression coefficients of all variables

in the equations of four independent variables $rere

sigaificant at a 5 percent level with the exception of labor
of erop farning, rn seven-variabre equations, the regression

eoefficients of all vari.abres incruded urere significant at
a 5 percent lever with the excepüi.on of farm labor and farm

building of crop faruring. The results show that aIl
regression coefficienüs or elasticities in each productíon

function are less than one and. greater Ëhan zteîo, indicaü-
ing a dinÍnishing marginal return of its corresponding

resource. The sum of elasticities of production for crop

and mixed farming rriras greater Ëhan one in both four- and

seven-variable equations ind.icating inereasing returns to
scale could exlst in both cases. The coefficient of
deÈer"nination ranged fron 8I to 87 and was tested as signifi-
eant at I pereent level indieatlng Èhat in 99 ovb of I00._

casesr El to 8J pereent of the variations in:lncome cou].d be

exprained by the factors included in eech of the regression

equations.

The Marginal Value Produetiviüy of Faru Eesources

The marginal value productivities of resources of 1and,

labor, eapital and raanagemenü fori crop and nixed farring
at geometric mean are shown in Table t*.16. The marginal

returns of one dollar in land was $0.36 fot crop far-ming,

whereas it was #o.zz for nixed farming. This means on the

everage an additj-onal dollar invesüed, in 1and. for crop farming



Type No. Constant Value of br
ói of in Log J- .)o

Val.Crop
Prod. 8o/,
or More
Val.Crop
Prodo Less
than 8o16

TABLE 4,15

REGRESSToN CCIEFFTCTENTS, CoEFFTCTENTS 0F DETERMTNATToN,
STANDARD ERRORS AND STGNTFTCAIü"OE LITIT"EI;S

5e

2r5

Val"Crop
Prod. \of,
or More
Val.Crop
Prod.o f,ess
than 80%

-.1833 .6Lo5a -.o3TT

.o5l+" .z?oga .og53b

5e

2r,

.3051 .53ora -.1363 .o35, .318ob .LÍglb .o6\oa .1o3t+b LoT46 .82" o.o8o2

ët.
b;

Slgnlficant at
Slgnifleant at

.5696 .21+1oa .o4]:gb .oo76a .zlooa ,z3g3a "l7hla .11584 L,LL}Z .8+a o.o73o

.4oo3a

.66zoa

Cash
0per. Lvst.

Mach. Cost Inv.Bkls.

I percent level
5 percent level

.0861b 1.131+6 .83t .1021+

.ri,52a 1.143h .814 .o}l2
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TABLE h.,L6

THE MÄRG]T{AL VATUE PBODUOÎIVIÎIES OF LAND,
L^AB0B, CAPITAL AND IUiANAGEIvIHNT !íITH ALL

RESOIIBO¡IS AT GEOI.TETBIC IvigAN BI
TTPE OF FARMTNG

fÍalue of Crop prod. Value of 6rop Prod.
less th,an $OfiÙOf' or Flore

tand ({þ )

Labor (Hrs. )

CapÍtaI($)

l[èt. (rndex)

21,180

L,782

5 1358

t6

t6 ,560

2,7L6

5,53t+

L3

.2?

.48

L.62

118. o0

'36
.27

.9h

68.00
added as mueh as $o.]l¡ greater returas Èhan that Ínvested in
land for mixed farming. I{oweven, the marginar productivities
of labor and eapitar i-n unixed farming were greater than they
were in erop farming uy $0.et and $0.69 respectively. this
means on the average an additionar hour of rabor and an

addiËÍonal dotrar of capitar invested. in the former would
yierd returns hígher by $0.2r end 4i0.68 respectivery than
when ínvested ln the latter, providÍng all resources were

used at their geonetric mean.

The narginar valtre productivities of land, rabor and

ca.pital at their geometric rrean were compared to Ëheir
market prices or costs set in Table l+.3. The comparison is
presented in Table l+.l-7. The narginal value produetivities

to Market Prlces
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IABT,E ).L7

coMPARrsoN 0F MARGINAL VALUE PRgPqqTrvrTrEs---_-_ 
AT.ID }4ÂRKET PRTCES OF RESOIJRCES

Resources
Prod.uc ivlty

Value of CroP Prod. Value of Crop. -Pqod. Market

tand (S)

f,abor(Hrs. )

Capital($)

36
.27

.94

.22

.l+8

r.62

o.08

o.75

1"05

of land and. capltal were consid.erably above the narket prices

for both types of farmfng. On the other hand, the marglnal

value productivitles of labor lrere consid.erably lower than

narket price. In the cases of land and' labor, the extdnt of

devíation from market price were greater for crop farroing

whereas !n the case of capital, the reverse was true'

The fact:that marginal value productlvitles of resourees

hrere above or below the assr:med prices could lndlcate that

sesources T¡rere nlsallocated on both types of farming. If I

as we assr¡med,, farmers 1n this area ained' at profit maximiza-

tlon, and our pricing assr:mptions are also appropriater the

resourees on these farms have to be reallocated from the

existlng pattern to a¡ optinr:m on¡êr In order to lnvestigate

the process of resource allocatlon, the relationshlp of

factor combination and substitution is now exa¡nined''
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Factor Combination and Substltution on Croo and
Mlxed. FarnlnE

fn Table 4.181 various combj.nations of labor and capital

yielding average lneomes are given. 0n the averagel crop

farmers conbined. $51358 of annual eapital lnput with L?782

hours of labor to produce an lneome of $12,6z0 whereas 1n

mixed. farming, $Srfltr of annual capital was comblned with

2r?L6 hours of labor to prod.uce an income of $13 ,58o.

ÎABLE l+.18

ËABOR AND CAPTTAT CO¡{BINATTONS YTEI,DTNG ^å.TERAGE
INCOMES I'ITTEN THE TNPINS OF OTHER RESOIIRCES

ARE TTEID AT THETB GEOMETRIC MEAI{

,
Tã]ue-oî-Erop fuod. 8016 oT More Value Crop Prod. Less than EO"/o

Ineome $tzr6zo rncome $13r58q

l+,9OO

S rtoo

5 r359x

5 r5oo

5 r7oo

Hrso

4 160l

3,o11

LrfSz*

1r350

924

trrgoo

S r]:oo

5 1500

, 1534*

5 ¡7oo

ïIr s.

6 rhzL

4r931+

2 t879

2 r7L6*

2 1247

* Geometric Mean

If more capitaS. had. been employed, less labor would have

been required in prod,ucing the sarne i-ncomer provid.ed land.

and management remained at the same Ievel; vice-versar if
less eapital lnput had been used, labor requirennent wouId,

have risen. In lable h.18, when capltal inputs increased.
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from the mean value to fi5 r7oo it would have required 921+

hours of labor for crop farming to prod.uce the average incone

r,¡ith other resources kept at their geometric means, whereas

it would. have required 212+7 hours of labor for nixed farmlng.

Resources could. only be substituted for each other at

dimtnishing rates. the narglnal rates of substitution of

capital for labor at the leveIs of combination corresponding

to that of lable l+.18 are showr in Table l+.19. 0n the

average, one additional dollar of annual capltal lnvested. on

crop farms would replace 3.53 hours of labor. ft would,

replace 3.+1 hours on mixed farms. If the capital lnputs

rdere enlarged from their mean valuesr the margfnal rates of

substitution fn absolute terms would. diminish. T.bis means

one additionat dollar of capital would, replace less and. less

labor hours in producing the average lncone, wlth other

resources held at thelr geonetrl-c tnêânlSo tühen the annual

capltal input inereased, to #5r7OOr one addltlonal dollar

of capital would replace I.7L hours of ilabor for crop farmi.ngt

and. 2o 7t+ hours of labor for nlxed. f arning.

The least-eost and. actual eonblnation of resources on

crop farm are shown in Table 4"2O. For crop farnf.ng, on the

average, $51358 of annual capital was conblned with I?782

hours of labor to produee an average lncome of $12 1620 with

land, management at their geometrie meanr however, if $lrBOO

of eapltal had been conbined. with /64 hours of labor to
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TABTE 4.19

I'4ARGINAL RATES 0F SIIBSIIÎIIII0N 0F C.[PIT^AI,
!'¡IIEN ALT, 0THER RES0URCE INPUTS ARE HEID

GEOMETRTC MEAN

FOR IABOR
AT TITEIR

Caoital Hor¡rs of tabor' Replaced bY One
Hours of Labor
Beplaced bY One
Additlonal DollarInput Adäitional Dollar

Capital

Input

4r9oo

Irtoo
5 1358*

5 1500

5 r7oo

IIrs.

9.9O

6.27

3. 53

2.6L

L.72

4r9oo

5rlOO

5 r5oo

5 1134*

5 r7oo

Hr,s.

9.LO

6.Tz

3.61+

3,41

2.74

* Geometric Mean

produce the average S.ncome 1t couLd have red'uced' cost by

#29g. In other word.sr oR the averaSêr crop farms night have

used too nuch labor and too little eapital. This sltuation

is iLlustrated 1n Figure 4.1+. C1 and Cè indicate the average

and least-cost conbination of labor and capltal on crop farm

respectlvely. I, and I" are their correspondlng costs. The

difference between I" and 11 represent that a'mount of cost

cou1d. be reduced, by reallocatlon of labor and capltal on farms.

The shortage of capital on erop farms might exist in

all forns of capltal, sueh as bulldlng servicest machinery

and. equipment servicesr Ðd cash operating expenses in the
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TABTE l+.20

THE COMPARTSON OF ACTUAI AND T,EAST-COST COMBTNATIONS OF RESOURCES
YTEIDTNG AIV INCOME OF $rZ,6ZO ON CROP FARM

Actual
CombfnatÍon

f,eastÈCost
Combinatlon

5 1358*

5r8oo

Lrl82*

764

6 1962 5 ¡359*

61663 2rolt

* GeometrLc Mean

211180* 7 r32O 211180* Lr78Z*

I+o 
, e6o 5 r 333 24 ,l7o t6z

3,031

2rOB8
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forms of fertlLlzet, chemlcal spray, etc. The evldence is

shown in Table 4"2!. As this table shows, marginal value

productivities of these forms of capital tlere all above

their eorresponding costs indleatfng that additÍonal invest-

ment in such klnds of eapltal is requlred for profit

naxlmÍzation.

1431J8 4.2L

THE COMPARISON OF MARGTNAI PRODUCTIVTTY OF CAPTTAT¡
----rÑ-Fonus or BIITI,DING snRvrcos, MAqEITERY AND-- -EeÚipuelür 

sERvIqPs-+ND cASH oPERATTNG
ÈxpsNsns ro rHErR cosrs oN cRoP FARM

Besources
Geonetrlc

Mean Inputs I'ÍVP Costs

Buildlng Servfces 264 L'69 1'05

Macb. & Equipnent
services 

&v¡¡v 2rg5L 1'36 1'o5

Cash Operating
Expenses 

. 1169o 1'19 r'o5

0ntheotherhand,theeropfarnrotrtheavera8êrcombined'

$lr¡5g of eapltal with $21r18O of lanct to produee average : :

lncome with labor and management at geometric nean. However¡

the least-eost eo¡abj.nation would be $zrolt of eapital- anil

$l+0, Z6O of land. In view of the f act that aetual use of

land. was almost half what the suggested opti.num iso we nfght

conclude that capital ln terms of land could also be sub-

stantlally short for thls type of farnÍ.ng. It night pay for

the farner to break land that |s in native past¿re or which ,.
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ts hayland lnto crop land since the return of an additional

dollar invested 1n landr oî the averâBêr would yield a nuch

higher return than its addltlonal cost r æd a much higher

return than 1s possible fron the otber type of farnlng, as

shown in Tab1e 4.!7.
The least-cost and, aetual combinatlon of resources on

mixed. farm are shown in lable 4.22. Farmersr otr the averâger

conbined #51134 of capital with 21716 hours of labor to
produce an lncome of fi13rl8o wlth land and. managenent at

mêêrrr The least-cost conblnation of capltal and labor with

the prices of resources set 1n this study was $6rf1o of

capltal with Lr25O hours of labor. If farmers had. chosen

the optimun combination of resourcesr the reduction of cost

would. ¡e $l+OO. In Figurs 4.5t C1 represents the average con-

binatlon of labor and capLtal on farmsl lf Less labor ar¡d.

more eapital had been combined as d.enoted. b¡r Ce, the cost

would. have been red.uced from 11 to Ie.
The shortage of capftal could nainly be in the forns of

machinery and equipment a¡rd. cash operating expenses for this
type of farmÍng. Building servlces had been over-invested.

Tab1e 4.23 shows this situatlon. The marginal value

productivities of naehinery and equlpment services and eash

operati.ng expenses were substa¡rtially greater than thelr
comesponding costs whereas the narginal value productlvity

of building serviee was substantlally lower than its cost.

In the comparison of aetual and. least-cost eonbination

of capltal and land¡ land and labor yielding average fneone
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TABIE 4,22

TTTE COMPARISON OF ACTUAf, AI{D I,EAST-COST COMBTNATIONS OF RESOURCES
YIEI.,DING .AN INCOME OF $131580 ON MITED FARM

Actual
Comblnatlon

f,east-Cost
Combinatlon

CapltaJ. and Labor

, rr34*

6 rJ::o

2 r7t6

Lr25o

Capltal and f,and

7,949 5 1534*

Zr*8 41676

* Geometric Mean

t6 ,i6o* 7 ,L36 t6 ,56ox 2 r7L6* 3 ß62

25 ,r2A 6 ,gZO 2l+r31o g]:z 2 16Ð9

Land and Labor
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TABT,E 4.e3

THE COMPARISON OF I'{ARGTNAT PRODT]CTIVTTY OF CAPITAT.
IN FoRMS 0F BUTLDTNG SERVICES, MACHINERY Ar[D

EQUTPMEITÎ SERVICES AI{D CASH oPERATTNG
E](PENSES TO THEIR COSTS ON

MIreD FARM

Geometrlc Mean

Bullding Servlces ($)

Maeh. & Equip.
Service6 ($)

Cash Oper.
Expenses

373

2 1624

tr87r

.28

1.\O

1.74

!.o,

r.o5

L.O,

with other resources at geonaetrie mean, it was found. that

land, as a factor of produetlon might also be und.er-lnvested..

The extent of nisaLloeation of land appears to be less on

nlxed. farms, considered as a group, than on crop farms.

However, the misallocation on mlxed farms may persist as

long as livestock enterprÍ.ses are engaged 1n while that on

the erop farms uay be readily overcome without enterprlse

ehange and also by the transfer of land resources out of the

nlxed farms.

III. The Shifts of Prod.uctlon Funetions Over the Years

Thls sectfon ls devoted to lnvestigatlng any shifts of
productlon fwrctions over the perlod. from l96L to 1961+ for
the stud.led aP€â¡

The Cobb-Douglas functions d.erived fron the farn data
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of the lndividual years of 196I, J]62, 1963, 7964 and the

combined. d.ata covering the four years are shor¿n 1n Table

4.24.

All regression coefficients are significant at a

probability level of I percento Except for management in
year 1962, all the eoefficients are also signlflcant at 0.1

percent. Ihat the sr.¡.m of coeffieients could exceed, one in
all eases lndlcates that increasing returns to scale eould.

exist 1n each lndividual year as well as for the average of

the four ¡r€å.tsr The coefflcients of deternination range from

8z to 90. ThÍs indicates that the range from 8z to gg

pereent of total varlation in income could be explained by

the four independ.ent variables lnvolved, in eaêh of the

equations.

Based on the Cobb-Ðouglas equations 1n TaþIe +.24, the

total prod.uction of varying levels of capltal with landt

labor and management at general geometric mean trere calculated

and. are shown 1n Table +.25 and Figure Þ.6. As the Figure

shows, total productlon eurves of capital of 1962, A963 and,

1964 lie above the average, whereas that ot L96l lies below

the average eurve. An a.nount of capltal eque.l to $fr5o8t

whlch is the average annual eapltal input of the four yearst

would yield a retwn of $lo ,260, $f3 ,87o, $t4re6o and $15rooo

1n years 196L, 1962, 1963 and 1961+ respectively, a¡rd. would

yield a return of $13 1390 for the average of the four )rêâ.rsr

If total average income is taken as 1OO, the return of 1961

is 76.6 which is 2l.l+ Ior.¡er than average. The returns of

f962, ]963 and 1961+ are 101"6, 106.5 and LLZ.O respectively,



No.
of

Yeans Obs.

L96t 79

1962 77

]763 81

L96+ 77

Avgeo 314

TABT,E 4.EI+

REGRESSIoN CoEFFICIENTS, THEIR SrrMS, CoEFFICIENTS 0F
DETERMINATTON AND SIGNIFTCANO,!] LEVELS

Constant
fn Log
Forrr

_.2030

-.0259

,4526

o1020

-&.2168

.19}+14

.23314

.247+a

.2667a

.2l8ra

Value of bO

tabor Canital

aa.
b:

.t+3t+5a

Å4524

.27+2a

.2436a

,21874

Signlficant at
Slgnlffcant at

.47244

,50674

.43loa

,5262a

.53goa

1 percent level
5 percent level

Mst.

.Lzg]ta

.o97*

.ogfua

.Lzglta

.106+a

!üeethe:r
bi

1.2301 .824

1.1821+ .86a

L.O+79 
" 
85a

L.L656.goa
L,782? .84a.6zL6a

92
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TABLE 4.25

TOTAI PBODUCTION FÜR DIFFERING LEV.dLS OF CAPITAI FOR
INDIVIDUAL YEARS AND FOB TTTE .IVEBAGE OF TFIE FOUR

rEABS WITH OTT1ER NESOUBC}'S AT GENERAT
GEOIVIETRIC MT;AN

lotal Value of ProductÍon
Capital
Input L96l L962 1963 L96t,

Average
of Four
ïears

lËrlù{þ$$
6,000 10 ,680 Lr+ rL7o L4,79O L5 ,7OA

5r5o8/i ro,260 13r81o Lt+1260 15,ooo

5 ,5QO lO ,25O 13 ,860 L4 r25O Lt+ r99A

5 , ooo 9 ,797 L3 ,2OO t3 ,680 Lt+ 1260

3,OOo 7,695 10,190 LO,97A 10,890

l_,ooo 4,581 5,8&r 6,836 6,LL2

$
14,020

t3,3go

13 ,380

L2 r7LO

9,654

5,3h6

ä Geomet'ric Mean of the Four Years

which are 3.6, 6.5 and 12 pereent higher than the average

income aceordingly. The dÍfference in i' 'to.tal ,.1 valúe

productivÍty of eapÍta1 between years might be due to changes

in price levels, technological change, ehanges in weather

eonditions, extent of success Ín appropriate decision-øraking

by farners, and variatlons in the quality of purchased inputs

and levels of utilization of existing stocks of farrn capital.

The teehnological improvement of Èhe area oÌrer the period

stud.ied night be essentially labor saving in its nature. As

Table 3.6 shows, capital-labor ratio increased and. labor-

l-and ratio generally dectined in the period of Jg6L ro L9t64.

That meansr oD the aver&gêt more and more capi.ta.l was required



13r\too

13,OOo

12r000

11''5oo

11r0oo

101900

10r90O

o

L964

L963

Lg62

Average

3ooo

Capltal 1n Dollars

2000

Annual

FrcuRE tr.6 roTAI, pRoDucrroNs oF cAprrAt oF wARs 1961 , L963, 1g6[;
AND AVERAGE OF THE FOTIR YTARS WITH OTHER RESOIIRCES AI GENERAT. GEOMEIBIC

MEAN : *: 
t.
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in associating an hour of laborr æd less a¡rd less labor

hours were required per acre of land 1n the farm operatlon.

For the studied arear one hor:r of labor was generally

assoclated with $2.6 of annual capital in 1964. 0n the other

hand, farm enterprlses generally invested 4.8 hows of

dj.rective labor r,rork to an aere of land ln 1961 whereas

only 3.4 hours 1n 1964 were required.

In vlew of the weather lndexes as presented 1n Table

3.6 and the annual weather reports of the weather stationsrh

the studied area has evidently experlenced. a wid,e range of

weather fluctuations ln crop growlng as well as harvesting

seasons between the years 1961 to L964. Its fluctuation

rlrould. influenee the produetlvity of all other resources as

well as total farm lneome. Ihe slgniflcance of weather

eondltions 1n explalnlng the variations of farm income has

been subjected, to statistieal test. Table 4.26 shows the

Cobb-Douglas equations representing various sizes and. types

of farning, witb weather and without weather as an independent

variable. As Table ).26 shows, weather¡ as a faetor of

productlon, was tested significant at O.1 percent level with

the exception of the large farm. In all eases, R2 r¡rere

fnproved. when weather was included 1n the equatÍ.onso fhat

means a greater proportfon of varlatLon 1n lncome can be

explained by the production fr:nction vrhen weather is
+
Ackernan. J. Annual Report of the Western Manltoba Farm

Business Assocíation, r96L, t962, L963, 1?61+. (Ðgpaqtnent
of Agricultural Económics, University of Manitoba) r Septembert
1t6:z; ig63 , rs64, L96r.



TABT,E \,26

REGRESSToN CoEFFTCTENTS, CoEFFTCTENTS 0F DETERMTN.0,TToN
0F srGNrFrcANcE, By srzE AND TYPE 0F FARMTNG WITH

IfTTHOUT TüEATHER AS ONE OF TITE
II{DEPENDENT VARTABÏ,ES

C]-asslfieatlon

Sma1l
Farm

Medlrrm
Farm

Large
Farm

*crop Prod. 8016
or More

*Crop Prod.. Less
inan 8o%

Average

No.
of

Obs.

98

168

l+8

Constant
ln Eog

Form

.l+e93
-1"0353

1.Oi-99
.3r72

.8456

.3081

.1833
1"6001

.orl+
-1.1336

.0600
-L.2]:68

,e

25'

314

Land

.2h01a

.23024

.11Èrob
,L776a

.]'56

.1¡+13

,6hora
,17V7a

"2709a,256Oa

.2/$aa

.2r8ta

A.

b:
,F

tabor

Signlfieant at .1 pereent level.
Sfgnlflcant at 5 percent level.
The farn with croþ produetlon 8O% or more tg defined. as
whlle that wfth èrðp productlon less than 8O16 ts mlxed,

.0497-

.1860þ

.1810a

.2532.".

.o31+

.4558a

,0377
.L553

.og53b

.2j.:o5a

.L457a'.2i874

Value of b,

Caoltal

.6ozoa

.5l8La

.\76?a

.h86oa

.65f4?

.3030þ

.t+oo3P

.34134

.66zoa

.5880a

.6o99a

.538o4

AIID
ANÐ

TEST

b,
Met. Ìfeather r'

,]-772e
,tfuga
.1Lo8a
.LO92a

.o9Bob

.123+a

.0961þ

.o705D

,LL52A
.111+9a

.1116a

.1o6ha

.6299a

.l+78oa

.231+3

.8185a

.57l.6a

.6zL6a

1.0690
L.7l9o

.l+123
1.5o3g

.g\Ð5
L,2578

1.1346
1.9631

1.1)+31+
L.7\Ðg

1.1+16
L.7827

R2

,6]-:ga
,69L^

.608a

.667a

.61ha

.7rLa

.8304
"87ra
.8o8a
.81+84

.8ooa

.8h2a

crop farm
f arm.
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eonsj.d.ered aS one of the factors of prod.uction. fn some

cases; the signífieanee 1evels of the coefficients were

redueed,, especially in the case of labor. The coefflcients

of farn labor on small, medium and crop farms were not

signiflcant in equations without weatherl but they were all
signlflcant at a f percent level 1n equations with weather

as an lndependent variable. By including weather ln the

prod.uctlon functions, the suî of elasticities beca¡ne greatert

especially in the cases of nedÍun and. large farms, the suttrs

of elasticities ehange from less than one to greates than

Oflê¡

the effeet of weather conditions on the productivity of

Land, labor, capital, management and total farm prod,uction

based, on average prod.uction functlon is shown in Table 4.27.

Und.er the conditlon of normal rceather (as represented by a

weather index of 100) the narglnal value produetlvities of

one dollar of land., an hour of laborr one dollar of capltal

and one unlt of nanagenent lndex at geometrlc mean on the

average trere S.20, $1.1+0, $1.33 anal $106 respectively. lhe

marginal value productivltles of correspond.lng resources

hrele higher because of the prevalence of good weather

(represented by a weather lndex of 11O) and lower beeause

of bad weather (represented. by index 90). þfhen weather

conditions hrere 10 units above or below normalr wlth other

resourees at geonetrie neans, the total production trould

deviate upward or d.or^Inward from normal by as nuch as 6 percent,

i.€., $815 in terms of value. All this evidence indlcates

that weather i-s a significant factor lnfluencing the
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TABT.E 4.27

I.{ARGTNAI VATUE OF PRODUCTTVITY OF T,AI{D, TJABOR'-C-4IITAtr'
I\{,ANAGEMEAII AI{D TOTAL FARM PRODUCTION .å,1 V.ARYING

LE\,îELS OF T{IEATHER !'¡ITH ALT OTHER
RESOT]RCES AT THETR

GEOMEf,RIC ME.A.N

tfeather M. Res.

110 17,3\O
2:rlz
sitog

1+

17,34O
2,512
5i5o9

1+

17r3ì{o
2,5L2
5 r'op

1+

.2I
1.48
1.1!1

lLz.
.eo

1.\O
1.33

106.

.L9
1.30
L.25

99

f,and ( $)
Labor(Hrs. )
Cap. ($)
Mgt. (rndex)

tand( $)
Labor(I{rs. )
Cap. ($)
Mgt. (maex)

tanct( $)
tabor(Hrs, )
Cap. ($)
Mgt. (rnaex)

1l+r+3o

L3 rígj

L2 r7\A 9t+

Productlon

proituction of the studled ê3êâo Any policy

to agrleultural production should', thereforet

consideratlon to the effeet of weather.

reïating
glve appropriate



CHAPTER V

SUMMARY AND CONCÛUSIONS

This study was based on the record asalysis of 314 farrns

ln the Neepawa-Minnedosa-Harniota-Miniota area of Western

Manltoba. These 311+ farns were stratified into three

categories: (1) snall, nedirrm arrd large farns of capltal

less than $6orooor $6o1000 to $Sorooo and more than $801000.

Eaeh size contains p8, 168 anit 48 farns respectively; Q)

crop and mÍxed. farms with crop productlon 80 percent or

more and crop production Less than 80 pereent. Fifty-nine

and 255 farns were included ln each type of farntng; (3)

farms or 1961, L962, Lg63 and 1964 wjbh 79t 77, 81 and 77

farms falling in each year respectively.

The Cobb-Douglas funetions with general forms as shor^m

below were fitted to the sets of farm data stratifi.ed.

(1) Cobb-Douglas fr:nctlons lnvolvlng eight Í.ndependent

variables

y = "*11 
*82 -3' .Ao *E' *E'*?7 *Bt

(2) Cobb-Douglas fr¡nctions lnvolving fÍve i.ndependent

variabLes

y = axll 4' *B' *?7 *Bt

where

y. Output (in ¿oltars)

lcl! tanit (tn ¿otlars)

rzi Eabor (in hor¡rs)
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x3: Bullding Serviees (in doltars)

q! Machlnery and Equipment Services (tn ¿otlars)

*r, Cash Operatfng Expenses (in ¿o[ars)

x6t ldvestock Investnent (tn ¿ottars)

*F,t Management (inaex)

xB: hleather (tn¿ex)

xg, Capital (tn ¿o[ars) = *3 + *l+ * *5 * x6

The objectlves of the present study l¡ilere:

(I) to deternine resource productlvlty on these farms

and to id.entify problems of resource allocation.
(II) to make a comparison of the productfvfty of

resourees on erop a¡rd. nixed. farms.

(III) to evaluate the changes on farm production

d.uring the perio¿ 1961 to 1961+.

Results of the Analvsis

The results pertalning to the first objectÍve are

su¡nmarized. as follows:
(1) Estlmates of marginal value productlvitles were

d.erlved for smalle nedir:mr large and average of all
farms. It was estimated,, for the average of all
farms¡ that narglnal value produet of one dollar

lnvested ln land was $.21; of one dlrectly
produetive hour of labor, fi.77; of one dolIar of

arrrual capltal input, S1.48 and of one unit of

managerlal ability, $109r at the geometrlc mean of

all resouree inputs. For small farms, the narglnal
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value produet of land, labor, capital and ma^Ilage-

ment at geometric mean !¡ere $.17e $.21¡ $1.36 and

$fO¡ respectively. For nedir¡n farms, the marginal

value product of corresponding resourees were $.12t

$l.Oer $1.21 and StZ[. For large farnsr they were

$13¡ $.21r S1.58 and Sr6a respectivelyo

(Z) Marginal rates of substitution between labor and

capltal were estimated. hlhen all resource inputs

were held at their geometric meanr one additlonal

dollar of annual capital substituted for 1.9 hours

of labor for the average of all farmso It sub-

stltuted for 6.4 ¡ L.2 and. 7.1 hor¡rs of labor on

smalI, med.lrrin and large f arms respectfvely'

(3) It was found that a sr:rplus of labor relative to

capltal generally existed. 0n the average¡ small

farms combined $3r6Lh of annual capital and 1t9O1

hours of labor with $tfr6fO capital lnvestment 1n

land and 14 r:¡1ts of nanagement to prod'uee an ineone

of $8120+. Medlr:¡n farms eonbined,r oâ the averâgêr

#5¡875 of annual capltal and 2 1636 hours of labor

with $t8r6eO capital investment 1n land. a¡td 13

unfts of nanagement to prod'uce a¡.l lncome of $15rO00'

Ierþe fa¡ms eombined. 3,7L5 hor:rs of labor and

$tor3oo or anrrual capital with $3o16zo capital

lnvestment in land and 14 r¡nits of nanagement to

produce an ineome of #251060'

Thesameineomescould'havebeenproducedat
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lower cost 1f less labor T¡Iere used, or more capital

had been lnvested. in land and. varlous forms of

annual capital. For snal1 and medium sizes of

farms the shortage of annual eapital was mainly

in forms of nachinery and equipment service and.

eash operating cost in the forms of fertlllzert
chenlcal spray, purchased, feed.r ete. For large

slze farms, they were naÍnly building serviees and,

cash operating eosts. Machlnery and equipment

eould be, on the averager over-invested. on large

farms.

(tr) Management as measired in the present study,

acted. as a slgnificant faetor of production beeause

a lowering of management index red.ueed. the marglnal

productivit,ies of other faetors. At an index

representlng good managerlal abllity ß5.r), the

marginal value product of an additiortal dollar of

annual capltal was $1.6t, whereas at the index

representing poor managerial ability ll.5) ¡ the

marglnal value prod.uct of an additionál ¿ottar of

capltal was only $1.33.

(5) For the average of all observations, increasing

returns to seale existed. However, only small

r;nits had actually increaslng returns. For med.iun

and large farms d.iminishing returns to scale appear

to be the case. Severe eapital limitation could.

be what is preventing snall farmers from taklng
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advantage of the condition of j.ncreasing returns

to scale.

The results pertaining to Ëhe second objective are

srrmnarized as folf.ows:

(I) The marginal value products of land., labor, capital

and management aü geonetric means were compared

for erop and mixed farrns. The marginal value

products of one dollar i-nvestment in land hrere

$.36 and #.22; of one hour of labor were $.2f and

$.¿rg, of one dollar of capital investmenË were $.91t

and $I.62, and of one unit of management were $68

and $118 on crop and nixed farps respectively.

(2) On the average, crop farms conbÍned $51358 "f
annual capital and 1 1782 hours of labor with

$211180 of capÍtal investmenË on land and 16 unlts

of manage&ent to produce an income of {þ12r620,

whereas the nixed farn cornbined $5,534 of annu.al

capital and 21716 hours of labor and $16 1560 of

land and 13 units of management üo prodrrce an

income of $13r580.

Surplus of labor or *¡ortage of capiüa} could

exist for both types of farning. The adjustment

of red.u.cing the use of labor or e)rpanding the

. capital Ínvestrnent in land or various forrns of

annual capital !üere neeessary for both types of
, farming. However, for crop farning, Èhe annual

eapital in forns of building serviees, machinery

and equi¡rment services as well as cash operating
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expenses ehould all be expanded., whereas for

mixed, farming, the shortage of ar¡rua1 capital

could. only be 1n the forms of machinery and equip-

ment and cash operating êxp€risêso

The results pertalning to the third obJective are

summarized. as follows¡
(I) Total farm produetlon curves of capital with Iand,

laborr managenent at general geometrie mean xtere

estimated for the years of 1961 t L962, L963 a¡rd

196tr and for the average of the four Íêârsr

Generally speaking, the curve of L96I l1es below

the average whereas that of L962t L963 and 1964

lles .above. An annual capital amor-mted to $5r5O8

would yield a total farm production of $101260,

$13r87or $r4 1260, SlSrooo and $13r39o 1n vears of

L96L, 1962¡ t963, 1964 and in the average of the

four years. If total average farm productlon !Ías

taken as 100, the total returns of the amount of

eapital would be ?6.6t 103.6, 106.5 and 112.o for

Lg6L, J:962, 1963 and 1964 respectiverv.

the changes of total farm production fron a

given amount of farn eapital between the years

nÍght be d.ue to such influenees as technological

i.nprovements, the influence of the ueather concLitlons

that prevail 1n the individual years, ehanges in
quallty of resources including management and the

impaet of general economic conditions.
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(2) tr{eather was a signifieant factor lnfluencing the

prod'uctlonofthestudied.areabecausethe

oceurrenceofgoodweatherwouldraisethe

narglnal value productiVÍtieS Of other resourcest

r^rhereas bad weather would lower their narglnal

value productivities. A weather index whj-ch was

lo.rrnitsaboveorbelownormal'wlthother
resources at, their geometric means would result 1n

total production d.eviating upward, or downward. by

as much as 6 percent of normal farm prod.uetlon.

All the results suggested that surplus farm labor, mis-

allocatj.on of arulual capital input and the shortage of farm

trand could. be a general characteristic of the farns stud'ied''

They are lndicative of the type of consid.eratÍons need'ed' for

polley progran formulatj.on for greater effíciency in resource

'llS€ ¡

All estimates of resource productivlties we1.e derj-ved by

production function analysis in the present study. They are

indlcative only of the average situation of the area' Further

stud.ies are needed to expand and. adapt the economi-ct

mathenatlc and. statistical assr:nptions of prod'uction functi'on

analysis.
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